A new class of codes for robust compression of heterogeneous data:Multiplexed Codes by Jégou, Hervé & Guillemot, Christine
A new class of codes for robust compression of
heterogeneous data:Multiplexed Codes
Herve´ Je´gou, Christine Guillemot
To cite this version:
Herve´ Je´gou, Christine Guillemot. A new class of codes for robust compression of heterogeneous
data:Multiplexed Codes. [Research Report] RR-4922, INRIA. 2003. <inria-00071657>
HAL Id: inria-00071657
https://hal.inria.fr/inria-00071657
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--4
92
2-
-F
R+
EN
G
ap por t  

de  r ech er ch e 
THÈME 3
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
A new class of codes for robust compression of
heterogeneous data: Multiplexed Codes
Hervé Jégou — Christine Guillemot
N° 4922
August 2003
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 Rennes Cedex (France)
Téléphone : +33 2 99 84 71 00 — Télécopie : +33 2 99 84 71 71
   
	ﬀﬁﬂﬃ "!ﬀ#%$ﬁ&
'
( !))* ﬃ	+!,	.-0/1ﬃ2!,&3$456879 
:.;=<
>@?BAC?=D@E@F9GIHKJﬁ<MLON
PQLOR);TSUFﬁLWVOVW;=XYECP[Z
\]_^
`[abcedgf=hiaMjlknm3hloqpnf.]_pn`K`[a
rO`ksm2]toqf_anu
ov`kxwnaMyMu{z_psf_f_|MaMyMu_m4pnf_ftkxo}ylyiksftm4a~y
jipsa4h\di
ŁkxtpnjhŁzajlaMm2]_aMjlm2]tafC)n=sUc_wstyhxnsbcntkswsaMy
.)M
 _¡ss¢
pn`[_jia~yiyiovpsf£y¤yhiaM`[ypx¥jlaMkx¦yovwsftks¦vy.§¨ov`[kswsa~y
uﬁ©{ovz_a
ptuﬁkxzoqp{ª+wsaMf_a
j2khla6ypn_j2m4aMy
ps¥«oqf¥¨pnji`kxhiovpsf¬o­hl]Uzoq®CaMjiaMfnh¦qaM©sa
¦}yps¥ﬁtjiovpsjlo­h¤ ¬]_o}m2]Ukxjlahl]_a
fTa
ftm
p{z_aMz¬oqhi]©kxjlovks¯_¦va¦qaMf_wxhl]
m
pzaMy[§¨°²±)ª4³"\]_ovy+kxCa
jksz_z_jia~yiyiaMyhi]_a[o}yiyi_aKpx¥jlps¯ttyh²hij2kxfy`[o}yiyioqpnfTps¥ym2]T°±ﬁ´aMftm4pza~z
]ta4hiaMjipnwsaMf_a
pntyypn_jlm
aMyp©na
ja
jljipnjrµ_jlpsf_a+m2]tksf_f_a
¦}yM³I°±ﬁyŁkxjla©saMji¤.yia
fyoqhiov©sa²hip m2]tkxf_fta
¦"f_pnovyias¶
¬]ta
f·yips`[a6¯_oqhlyKkxjla.kx¦qhiaMjia~z¸u«y¤{ftm2]tjipnf_oq¹~khloqpnfº¦vpnylya~ym
ksf·pm
m
_jkh»hi]_a jia~m4aMoq©na
j~³\]tovytkxCa
j
z_aMylm4jloq¯CaMyk¼f_aM¬ﬀ¥½ks`[oq¦v¤Yps¥+m
p{z_aMyMumMkx¦v¦qa~z`_¦qhiov_¦va4¾aMz¿m4pza~y
uhi]kh ks¦q¦vp¬hlp·m4psf_Àtf_ahi]taUza4r
yi¤{ftm2]_jlpsf_ov¹Mkxhiovpsf»_]_a
ftps`[a
f_pnfKhip+¦qp¬_jloqpnjioqh¤z_kxhlk²¬]_ov¦qaŁks¦q¦vp¬ovf_w²hipjlaMksm2][ksyi¤{`[hipshio}m
kx¦v¦v¤hi]_a
aMf=hijlps{¤¯pn_ftz¥¨pnj¯pshi]·§¨¦vp¬Áksftz]_ovws]_jloqpnjioqh¤_ªyipstjlm
aMyM³ﬁ\]taovza~km4pnftyo}yhlyovfm
jia~khloqf_wKÀ_¾a~z
¦va
ftwxhi]m4pza~yI¥¨pnj]toqwn]._jloqpnjioqh¤Koqf¥¨pnji`kxhiovpsf.ksftz6ovf yovf_whl]_a+oqft]_a
jla
f=hjlaMz__ftz_ksftm4¤Khip[za~yim
jiov¯a
¦vp¬_jloqpnjioqh¤£z_kh2k_uI]ta
ftm
a hl]_aftkx`[a`_¦qhiov_¦va4¾aMzm4pza~y
³Y\]ta
psjloqhio}m
kx¦kxfzYyioq`»_¦vkxhiovpsfÂjia~y_¦qhly
jla
©naMks¦@kK©na
jl¤]_oqwn]a
jljipnjjlaMyioq¦vova
ftm
a+kxhkx¦v`[pnyhf_p6m
pnyhoqfm4pn`[_jia~yiyiovpsf.a
Ã6m4ova
ftm
¤s³
ÄÅ=Æ@ÇlÈÉ
Ê)s¢
yipstjlm
am
pzoqftwtux©kxjlo}kx¯_¦va¦qaMf_wxhl][m
pzaMyMusz_kxhlk+m4pn`Ktjia~yiyioqpnf"uxz_kxhlkm4pn`[`_f_o}m
kxhiovpsf"u
aMf=hijlps{¤6m4pza~y
ËÌ,ÍÎ½Ï4ÐÑ3ÐÒ3Ó3Ô+Õ×Ö¸ØÕ ÙOÚÛ¨ÜÛ½ÝMÞﬁß2àCá)Ý²â¸ã2äµÚã2å=ænâ@ÚQÎ½Õ×ÖWÙWÕ×åQÍç)ÔQÕ×è×è×ÍéÓ2Ù¸Õ×Ö¸ØÕ ÙWÚ²Û¨Ü"Û½ÝMÞ«ßlÛ¨á,ÜÛêÞ
    ﬃ44 4	,    $ºﬃ.4	%#%$ ﬁ,&4ﬁﬂﬃ "!,
   ( !ﬁ*-04 79/1ﬃ 3!,&3$45
	 
 	 ¢ ±"a~yyi¤yhl^
`[aMyzam4pn`[_jia~yiyiovpsfza»yiovwsftks¾ jl|
aM¦vy»§¨ov`[kswsa~y
uC©{ovz|MptuCypnfª_jlpz_o}yaMfnh
z_aMyyipstjlm
aMyIz ovf¥¨psjl`khiovpsfyIzaŁ_jlovpsjlo­hl|MyIzoq®@|
jla
f=hia~y
u=_oyipsf=haMftm4pz|MaMyIaMfhiov¦vovylkxf=hza~ym
pzaMy
¦vpsftws_aM_j©ksjio}kx¯_¦va»§½°±ﬁª3³a4hkxjihio}m4¦vahij2kxoqhiaz_ _jlps¯t¦q^M`Ka²za+¦vkhij2kxftyi`[ovylyioqpnf.zahia
¦v¦vaMyypn_j2m4aMy
yi_j+zaMy+mMkxftks¾Uya
hly.a
jljiaM_jlyM³±"a~ym
p{z_aMy.¦vpsftws_aM_j©ksjio}kx¯_¦va»yipsf=hhijl^My+yaMftyioq¯_¦vaMy²kxº¯_jl_o­h
z_a+hij2kxftyi`[ovylyovpsf¶«¦qpnjly=_azaMyovf{©saMjlyioqpnftyza¯_oqhlyyatjipz_o}yia
f=hMu_¦}kyi¤=fm2]_jipnf_o}yikxhiovpsf.a~yhŁCa
j2z_a
ksºz|~m4pzaM_jM³f_a[f_ps_©na
¦v¦qa¥½kx`[ov¦q¦vazaKm
pzaMyMu@¦qa~y²m
pzaMy²`t¦­hloq_¦va4¾|~y
u¸Ca
jl`[a4hhla
f=hza[m4psf_Àtf_a
j
¦va.t]_|
f_pn`[^
f_aza z_|Myi¤=fm2]_jipnf_o}yikxhiovpsfTz_aMyKzpsf_ft|
aMy»`[psovfty»_jiovpsjloqhlkxovjlaMyMuhlpsh[a
fÂaMji`[a4hihlksfnh
z kxhhiaMoqfzjia[¦}k¯pnjif_a[aMfnhljipn_ontaKCpstj¦ﬀ a
ftyia
`»¯_¦va6zaMyzpnf_f_|MaMyM³[±a_jloqftm
oqCam4pnftyo}yhiaﬁm4jl|
a
j
tf·m4pzaﬂ¦vpsftws_aM_jÀ_¾a6Cps_j»¦vkyipstjlm
a6za.zpnf_f_|
a~y_jlovpsjlo­h2kxovjia~y+a4h»z hloq¦vovyia
j»¦vkUjia~zpsftztkxftm
a
ovf=hijloqfy^ﬃntazam4a»m4pzaCps_j²z|Mm
jiovjia¦vaMyzpsf_ft|
aMyŁ`KpnoqfyŁ_jloqpnjioqhlksoqjlaMyM³±aMyŁjl|Myi_¦qhlkxhlyŁza»yov`_¦}kr
hloqpnfty+a4hhl]_|
pnjio=_aMyz_|
`[psf=hijla
f=h_f_a[jl|Myiovyhlksftm4aks¾Ta
jljla
_j2yhijl^My+ov`KCpsjihlksf=hia[pn_j_f_aCa
jihia
z a
ÃmMksm
o­hl|²aMfm4ps`[_jlaMylyioqpnf6hijl^My¥½ksoq¯t¦qan³
9É
~
Ç
¡! 
	
T¢
m
pz_kxwna»za[ypn_j2m4asu@m4pza~y6¦vpsf_wn_a
_j²©kxjlovks¯_¦vasu@m4ps`[_jlaMylyioqpnfTza»z_psf_f_|MaMyMu"m4pn`»r
`»_f_o}m
kxhiovpsftyf{_`[|
jlontaMyMu{m
pz_kxwna²aMf=hijlps_o=_a
  	
 b
 
»!ﬁﬃ !,&4
fnhljipn{¤ºm4pzovf_wu,_jlpztm
oqf_w©ksjio}kx¯_¦va[¦qaMf_wxhl]·m4pzaM¬pnjlz_y§½°±ﬁª3uo}ykm
psjla6m4pn`KCpsfta
f=hpx¥Łkxf{¤
ztkhlkm
ps`[_jlaMylyovpsf¼yim2]ta
`[as³f_¦qoﬀsa[Àt¾{a~zB¦qaMf_wxhl]¼m
pzaMy6§ﬂﬁ ±)ª3u,©kxjlovks¯_¦qa[¦va
f_wshi]£m4pza~ykxjlaza4r
yiovwsf_a~z.hlpa4¾_¦vpsoqhhi]_aovf_]_aMjiaMf=hŁjia~z_ftz_ksftm4¤ px¥«ky¤{`»¯pn¦zo}yhljiov¯_hloqpnf"³\]_a`ksoqfzj2kQ¬¯tksmﬀps¥
°²±)yo}yhl]_a
ovjŁ]_ovws]yia
ftyio­hloq©{oqh¤6hlp6m2]tkxf_fta
¦"f_pnovyias¶«¬]ta
fypn`[a¯_o­h2yŁkxjlakx¦qhiaMjia~z.¯{¤.hi]_am2]tksf_f_aM¦Wu
yi¤{ftm2]_jlpsf_ov¹Mkxhiovpsf¦qp=yiyiaMymMkxfpm
m
_jkxhŁhi]_ajia~m4a
ov©saMjMu{hl]_aCpnyio­hloqpnfpx¥Iyi¤=`»¯pn¦"¯Cps_ftztkxjloqa~yŁkxjlaf_pxh
tjipnaMji¦v¤aMyhiov`khia~z¸u_¦vaMknzoqftw»hlpzjlks`khio}m+y¤{`»¯pn¦¸a
jljipnjj2khlaMyM³
\]_o}y"t]_a
f_pn`[a
f_pnf²]ksyCÀtj2yh"¦vaMzyips`[aIkshi]_pnjlyChlpŁkx¯tksftzpnf²°²±)yMu~ksftz²_jla4¥¨a
j,ktjia
rO_jlpm4a~yiyioqftw
§½as³ wt³f_psf_rO_fto­¥¨pnji` =tkxf=hiov¹Mkxhiovpsfªtjip©{o}zoqftwKtf_o­¥¨pnji`[¦v¤z_ovyhijloq¯thia~zy¤{`¯Cps¦}yMutkxftzks¦q¦vp¬ovf_w[hi]_a
yikswsaps¥IÀ_¾aMz¦va
ftwxhi]Bm4pza~y
³ﬃŁp¬a
©na
j~uthl]_a]_ovws]Bm4pn`Kthlkxhiovpsftks¦)m
pnyhpx¥yiovwsftks¦­rgksz_kshiov©saftpsfr
tf_o­¥¨pnji` nkxf=hiov¹
aMjly]tknyoqftksjlks¦q¦va
¦@`[pxhloq©khlaMzyhitzovaMyps¥hl]_ay¤{ftm2]tjipnf_oq¹~khloqpnf kx¯toq¦vo­h¤.px¥,°²±)y
kny)¬aM¦q¦_knyhl]_azaMyiovwsfps¥Cm
p{z_aMyﬁ¬oqhi]K¯a
hhiaMjIy¤{ftm2]tjipnf_oq¹~khloqpnf_jlpsCa
jihiovaMyM³,\]_akx_hi]_pnjly,oqf! #"_]tkQ©na
z_a
©saM¦qpna~z[kyh2khia`[pzaM¦¥¨psjyi¤{ftm2]_jlpsf_ov¹MkxhiovpsfKjia~m4p©na
jl¤+yi_oqhlks¯_¦qa¥¨pnjkxfkx¦v¤=¹Moqftwhl]_aŁCa
ji¥¨psjl`kxftm
a
ps¥©Qksjiovpsym4pza~y¬oqhi]£jlaMyia~m3hhlpTa
jljlpsjjlaMm4p©na
jl¤s³ dµh»o}yyi]_p¬fBhi]tkxh$ﬃŁ_®C`kxfÂm4pzaMywsaMf_a
j2khir
a~z¥¨psj²kwsov©saMfUypn_j2m4a`kQ¤ ]kQ©sazoq®@a
jla
f=h&%jia
rµyi¤{ftm2]_jlpsf_ov¹Mkxhiovpsf'²mMkxtks¯_ov¦qoqhiovaMyM³ŁdgfUtksjhlovm
_¦}kxj~utovf
 (Mb)"Ou,hi]_a kxhl]_psj2yy]tp¬9hl]tkh»yips`[a*ﬃ®C`ksf·m4pzaMyMu"h2kxov¦qpnjia~zºhipUkwsov©saMf£ypn_jlm
asu,`[kQ¤Bm4pnfnh2kxovf
km
p{z_a
¬psj2zhi]tkxhm
ksfByia
jl©sa[ksy+k+%jla4rgyi¤=fm2]_jipnf_ov¹Mkhloqpnf'pnoqf=h~³,ﬃp¬aM©saMjMuChi]taa4¾ovyhiaMftm4aKpx¥hi]tovy
m
pza
¬psj2z z_a
Ca
ftz_ypsfhl]_ayips_j2m4ayhlkxhio}yhlovmMy
u]_a
fm4aoqh`kQ¤.ftpxhks¦q¬kQ¤ya4¾ovyhM³ŁUp{z_o­Àta~z°±ﬁy
u
yia
¦q¥êrgy¤{ftm2]_jlpsftoq¹Moqf_w!ﬃŁ_®C`kxf£m
p{z_aMy+ -."µu)ksftzBjiaM©sa
j2yioq¯_¦vaK°±)y* /(0(xu(
tub)"µu]tkQ©na[¯aMa
f£zaMyiovwsf_a~z
hlpÀtws]=hkxwnksoqfyhzaMyi¤{ftm2]_jlpsf_ov¹MkxhiovpsftyM³\]_aM¤Tkx¦v¦«ksz_zºjia~z_ftztkxftm
¤oqfºhi]_awna
f_aMjlkxhia~z¯_oqhlyhijlaMkx`³
dgf©{o}za
pm4pzovf_wyhlkxfz_kxj2z_y§1ﬃ³ 2sbtu_I43$(
rO{ª3utyi¤{ftm2]_jlpsf_ov¹Mkxhiovpsf m
pza
¬psj2z_y+§½yi¤{ftm2]_jlpsf_ov¹Mkxhiovpsf
`ksjﬀna
j2ylªkxjlaovftyia
jihia~z kxhÀ_¾aMz oqf=hiaMji©ks¦vyovfhi]_a¯_oqhlyhijlaMks`³
{ps¥êh°±) zaMm
pzoqftw o}zaMkny
ua4¾_¦vpsoqhiovf_w jlaMyio}ztkx¦«yips_j2m4a»jia~z_ftztkxftm
¤·§êhi]ta[yipxrgm
ks¦q¦vaMz5%a
¾_m4aMylyr
j2khla6'ª3un]tkQ©saŁks¦vyip¯aMa
f.yi]_p¬f[hlpjia~ztm
ahi]_a7%z_a4rgy¤{ftm2]_jlpsftoq¹~khiovpsf'a4®@aMm4hksyI¬aM¦q¦Cksy«hl]_ajlaMyio}ztkx¦
yi¤{`¯Cps¦²a
jljipnj.j2khlaMyM³ \]_a~yaBo}zaMkny.jla
¦v¤¿psf mMkx_oqhlks¦qov¹
ovf_wYpnfÁyips_j2m4aºm4pza
jyi_¯pnhiov`kx¦vo­h¤nu¯{¤
a
¾_¦qpno­hloqftw£oqf_fta
jm4pza
¬psj2zÂjia~z_ftz_ksftm4¤¿kxfz¿a4¾_¦vpsoqhiovf_wYm4pnjijla
¦}khloqpnfÂ¬oqhi]toqf hl]_aTyia=_aMftm4aUps¥
yi¤{`¯Cps¦}y§½oqf=hiaMjyi¤{`¯Cps¦,z_a
Ca
ftzaMftm4¤_ª4³pza
¦}yoqftm
psjlpnjlkxhiovf_w[¯pshi]U°²±)rµa
ftm
pzaMzyips_j2m4a~yŁkxfz
m2]kxf_f_aM¦)m
pzaMy[§Oª]tkQ©nakx¦}yip.¯Ca
a
f¼m4pnftyiovzaMjia~z8 u:9{u¸b)"µ³\]_a[kxhl]_psj2yovf; ."IzaMjiov©saKk.wn¦qpn¯tkx¦
yhipm2]tknyhlovm+kshipn`[kxhipnf `[pza
¦¸ps¥,hl]_a+hij2kxfy`[oqhhia~z¯_o­h2yhljia~kx` ¯=¤ m4ps`[__hiovf_w[hi]_atjipztm4hŁpx¥)hi]_a
yia
kxj2khia.`KpzaM¦vy§WUkxj<ﬀsp©¼ypn_j2m4aT§WT_ª3uIyipstjlm
a.m4pzaMj§Otª»kxftzÂm2]tkxf_fta
¦m4pza
j§Oªiª3³I\]_a
kshi]tpsj2yoqf= 2."_tyi]¼¥¨_jihi]_aMjhl]_a ks¯p©naovza~k¯{¤Bz_aMyioqwnf_oqftwTkxf£oqhiaMjlkxhiov©saaMyhiov`khloqpnf¼hiaMm2]tf_o =_a
ks¦­hla
jlftkhloqftwhl]_atyiapx¥hl]_a+hi]tjiaMa²`[pzaM¦vy§WT@uutkxftzª3³
\]_aks¯p©na`[a
hi]_pz_yps¥êhiaMfm
psftyio}yhovfjla4rgkxtws`[a
f=hiovf_whi]_ajlaMztftz_kxfm4¤6ps¥,hl]_a¯_oqhlyhijlaMkx`u¯{¤
ovf=hijlpztm4ovf_wkxfa
jljlpsjm4psjljlaMm3hloqftwKm
p{z_a²pnjzaMzo}m
kxhia~z khhla
jlftyovf.hl]_am2]tkxovf"³«Ł¦}yiptuhl]_azaMm
p{z_oqf_w
ks¦qwnpsjlo­hl]_`y
u=px¥êhla
fjiaM¦q¤{ovf_wKpsf TŁ¿aMyhiov`khipnjlyMu{]tkQ©sa²kKjlkxhi]_aMj]_ovws]m4pn`[_¦qa
¾o­h¤n³>ﬃa
jlasu{¬a+m
psfr
yio}za
joqftyhia~kszhl]_a»z_aMyioqwnfUpx¥kfta
¬´¥½kx`[ov¦q¤ps¥m4pzaMyMu¸m
ks¦q¦vaMz*%`_¦qhiov_¦va4¾aMzTm4pzaMy?'3uthl]tkh+kx¦v¦qp¬0hip
m
psf=hijlps¦§¨aM©saMfBkQ©npso}ztªhl]_a@%z_a4rgy¤{ftm2]_jlpsftoq¹~khiovpsf'+_]ta
f_pn`KaMf_psfBpx¥°±ﬁ´a
fm4pzaMzºypn_j2m4aMyMu¸¬]_ov¦qa
yhiov¦v¦Łkx¦v¦qp¬ovf_wUhlpºjlaMknm2]Âkny¤{`[hipshio}m
ks¦q¦v¤Bhi]_aa
f=hljipn=¤£¯CpstftzÂksftz£hlp¼jiaM¦q¤£pnfÂyioq`[_¦vaoqftyhlksf=hlkr
fta
psyzaMm
p{z_oqf_wKhlaMm2]_f_o=_aMyM³I\]_a_jlovftm4ov_¦va_ftzaMji¦v¤{oqf_wKhl]_aMyiam4pza~y¯__ov¦vz_yŁ_pnfhi]_ao}zaMkKhl]tkh
m
ps`[_jlaMylyovpsfUyi¤yhla
`ypx¥jlaMks¦)yioqwnftkx¦}yŁwna
f_aMjlkxhiaKypn_jlm
aMypx¥ovf¥¨psjl`khloqpnfU¬o­hl]ºzoq®@a
jla
f=h²¦va
©na
¦}yps¥
tjiovpsjlo­h¤·§½as³ wt³Khia
¾{hi_jlakxftzº`[pxhiovpsfBovf¥¨psjl`khiovpsfº¥¨psjk ©{ovz_a
pyovwsfkx¦êª3³\]_o}y+ovza~k_ftzaMji¦voqa~y+_fr
aﬃ=tkx¦@a
jljlpsj_jipshia~m3hiovpsfº§ Łªhia~m2]_f_o=_aMyMu¬]_o}m2] kx¦v¦vp{mMkhla²zoq®@a
jla
f=h¦qaM©sa
¦}ypx¥tjipshiaMm4hiovpsf.hipKhi]_a
Ü,Ü å)ACBD6E6E
  @	
0  	6 6ﬂ 7  /+)
z_o­®@a
jla
f=hh¤=CaMyps¥ovf¥¨psjl`khiovpsfu=aMo­hl]_a
jhlp[yiovwsftks¦t¥¨jla=_aMftm4¤¯tksftz_y  (~"µu{hip[¯_oqh_¦vksf_aMy  (M."µupsjhip
=tksf=hiov¹Mkhloqpnf.¦}kQ¤saMjly  )"O³
dgf hl]_aB¬kﬀsapx¥hl]_o}y.o}zaMktuŁ¬aTm4pnftyo}zaMj6h¬pYypn_j2m4aMyMuk·]_ovws] tjiovpsjlo­h¤¿yips_j2m4aTksftz k·¦vp¬
tjiovpsjlo­h¤ºypn_jlm
a[jia
¥¨a
jljia~zTjlaMyia~m3hloq©na
¦v¤ºksyksftzÂovfºhl]_a.yia=_aM¦W³\]_a.m4pza~yza~yovwsf_a~z¼kxjla
yitm2]hl]tkh²hi]ta»jlovyﬀpx¥ %iza4rgyi¤=fm2]_jipnf_ov¹Mkhloqpnf'²o}y+m4pnfÀtf_a~zhip.hi]_aK¦qp¬tjiovpsjlo­h¤ovf¥¨psjl`khiovpsf³²\]_a
o}za~km4pnftyo}yhlyIovf.m
jia~khiovf_wkÀ_¾aMz¦va
f_wshi].m
pza»§ﬂﬁ)±ﬁylª«¥¨psjhi]_aÁypn_jlm
asu{kxftz[ovf6a
¾{t¦qpno­hloqf_whi]_a
ovf_]_aMjiaMf=hjlaMz_fz_kxftm
¤hlpjla
_jlaMyia
f=hpnjyhipnjiaoqf¥¨pnji`kxhiovpsfpx¥hi]_a¦qp¬ _jlovpsjlo­h¤[ypn_j2m4aﬀﬁﬁ³>ﬃa
ftm
asu
hl]_aypn_j2m4aﬂ ovf_]_a
jloqhlyyips`[a»ps¥hl]_a[_jipnaMjhloqa~y²px¥&ﬁ ±ﬁyytm2]Bksy+j2kxftz_ps` ksmMm4aMyly²oqfºhi]ta[ztkhlk
yhijlaMks` kxftz£]toqwn]Ya
jljlpsjjlaMyioq¦vova
ftm
as³BdµhKo}y[y]_p¬f·hi]tkxh»hl]_aMyia m
p{z_aMyKkx¦v¦qp¬ hlpºkx¦v`[pnyh»jlaMknm2]£hi]_a
aMf=hijlps{¤¯pn_ftz¸³
\]_ajlaMyh)ps¥thl]_atkxCa
j«o}y)psjlwnkxftoq¹MaMzkny¥¨pn¦q¦vp¬ŁyM³){a~m3hiovpsfoqf=hijlpztm
aMy)hi]taftpxhlkxhiovpsfty)¬ayaovf
hl]_aŁyia=_a
¦O³«{aMm4hiovpsf6b+ps_hi¦voqf_a~yﬁhi]ta_jiovftm
oq_¦vapx¥¸`»_¦­hloqt¦qa
¾{a~z[m4pzaMyMunz_ovylm4tylyiaMy)hi]ta
ovjm4pn`[_jia~yiyiovpsf
tjipnaMjhloqa~yIkxftzz_aMylm4jloq¯CaMyIhi]_aÀtjlyhm
p{z_oqf_w»kx¦vwspsjloqhi]_` oqf[hl]_amMksyiapx¥¸h¬pypn_jlm
aMyM³)\]takx_tjip=ksm2]
jla
¦vovaMypnfUk`kx__ovf_w6ps¥ﬁhi]_a»¦qp¬0_jloqpnjioqh¤ﬂﬃtp¬´ps¥«ztkhlk[ovf=hip.k.yaﬃnta
ftm
apx¥ !¨rO©ks¦q_a~z©kxjlovks¯_¦qa~y
u
¬]ta
jla"!zaMaMftz_ypsfUhl]_aKjia~kx¦voq¹~khiovpsfps¥Ihi]_aK]_ovws]Utjiovpsjlo­h¤yia=_a
fm4aps¥yi¤=`»¯pn¦vyM³ `kx_toqf_w
hl]tkh¬ps_¦}z¯Ca²pnhiov`kx¦C¬o­hl].jlaMyia~m3hhipKjia~ksm2]_ovf_whl]_a²a
f=hijlps{¤[¯pn_ftz.`[kQ¤[jla=_ovjiahi]_a²©kxjlovks¯_¦va

!
hipKhlkﬀsa+o­h2y©kx¦v_a+oqfkK©sa
jl¤¦}kxjlwsayia4h~³IŁfps_hiov`Kov¹Mkxhiovpsfkxov`Kovf_wkhjlaMzm4ovf_whl]_am4pn`[_¦qa
¾o­h¤
ps¥hl]_a`[ks__ovf_wBovy[_jlpsCpnyiaMz"³YdµhjiaM¦qovaMyKpnfkº]_ova
j2kxj2m2]_ovmMkx¦_jlp{m
aMylyovf_wºpx¥hl]_a©kxjlovks¯_¦qa~y»hip¼¯a
m
ps`[_hlaMz¸³«=hloq¦v¦_hlp²jlaMz_tm4ahl]_aŁm4pn`Kthlkxhiovpsftks¦_m4pnyhMunkya~m4psfz`[a4hl]_pzKovyIz_aMylm4jloq¯CaMzKovf[yiaMm4hiovpsfKt³
\]ta+ks__jlpnknm2]6jiaM¦qovaMypnfk[za~m4ps`[Cpnyio­hloqpnf.pnfkKm4pnftyhljlksoqftaMz.yia4hps¥#
!
rµ©Qks¦qtaMz6©ksjio}kx¯_¦vaMy+§½oW³ as³«pnf
km
psftyhij2kxovf_a~z.tksjhlo­hloqpnfpx¥)hi]_aÀ_¾aMz¦va
f_wshi]Um4pzaM¬pnjlztyovf=hip %$ '& /)(*(+&)ªa
¾{tjia~yiyiaMzovf
hla
jl`ypx¥ﬁ_jiov`[a4rµ©kx¦v_aMz ©kxjlovks¯_¦qa~y
³ﬁ\]_ajlaMyi_¦qhiovf_w[¦qp=yiyovfm
ps`[_jlaMylyovpsfza
Ca
fz_ypsf hi]tazovyhlksftm4a
¯Ca4h¬a
aMfhi]tajlaMyia~m3hiov©sa_jlps¯tks¯_oq¦voqh¤²zaMftyio­h¤²¥¨_ftm4hiovpsfty§¨@z{¥lª,ps¥hi]_am4pnftyhljlksoqftaMzyia4h,ps¥,!¨rO©kx¦v_a~z
©ksjio}kx¯_¦vaksftzps¥_hi]tayips_j2m4a-

³,]_aM_jlovyhio}m`[a
hi]_pz¥¨pnj«yaM¦qa~m3hiovf_whi]_ayia4hﬁpx¥."!¨rµ©kx¦v_aMz©ksjio}kx¯_¦vaMy
§½oW³ as³vu"hl]_a[tkxjihioqhiovpsfCªŁhl]tkh¬pst¦vzº¯a~yhks__jlpQ¾{ov`khlahl]_aCz¥ps¥hi]ta6ypn_jlm
a/

o}yzaMylm4jloq¯CaMzºovf
yiaMm4hiovpsf 9_³·\]_aoq`[tknm3h[px¥m2]tksf_f_aM¦f_pnovyiasum4psfyo}za
jlovf_wTkº¯_oqfkxjl¤¼yi¤{`[`Ka
hijlovm m2]tkxftf_a
¦OuIpsfYhi]_a
p©na
j2kx¦v¦"ypn_j2m4azo}yhlpsjihiovpsfo}yksftkx¦v¤{¹
aMzovfTyiaMm3hloqpnf 2_³±knyh~uthl]_am2]_pnovm
apx¥ﬁhl]_atksjlks`[a4hiaMjlyps¥«hi]_a
ks¦qwnpsjlo­hl]_`kxjlazo}yim
tyiyiaMz ovfyiaMm4hiovpsfU»kxftzyov`t¦vkxhiovpsfjia~y_¦qhlyksjia+_jlp©{ovz_aMz6ovfya~m3hloqpnf5-t³
0 1
)ﬂ4Ł# "!,	+!,Ł# »!	32 +!,	+!,&
 
±a4h4ﬁ57698;:ﬁ<=%:?>@=BAABAC=D:FE%=BAAAB=D:?GIHKJ¯Cakyia=_a
fm4apx¥Iyips_j2m4ayi¤{`¯Cps¦}ypx¥ﬁ]_ovws]_jloqpnjioqh¤6h2k ﬀ{oqftw
hl]_a
ovj[©kx¦v_aMyKovfÂkTÀtf_oqhiakx¦v_]tkx¯Ca4h/L m4ps`[CpnyiaMz£ps¥4Myi¤{`¯Cps¦}y
u LN6PORQS<R=TQU>V=AABA=DQW!X=ABAA=DQUY[Zn³
\pxhlahl]tkh~uoqf hi]_a²¥¨pn¦q¦vp¬oqftwtu{¬a²jlaMyia
jl©samMkx_oqhlks¦C¦va4hihiaMjlyhip[j2kxftz_ps` ©kxjlovks¯_¦qa~y
uksftz.yi`kx¦v¦C¦va4hihiaMjly
hlp+©Qks¦qtaMy«ps¥thi]taMyia©Qksjio}kx¯t¦qa~y
³#]pn¦vz¥½ksm
aŁm2]tkxj2ksm4hiaMjly,¬oq¦v¦_¯CatyiaMz»hipzaMf_pxhla©saMm4hipnjly)psjIyia=_aMftm4a~y
³
\]tayhlkhloqpnftkxjl¤²_jipn¯tkx¯toq¦vo­h¤²px¥thi]_aypn_jlm
a^ﬁ5Yo}y)za
f_pshia~z_`6a8cbd<@=Xb>V=AABAC=Xb!T=ABAAB=XbYﬁJ4u¬]_a
jlaKb!
yhlksftz_yI¥¨psjIhl]_a²_jipn¯tkx¯toq¦vo­h¤hi]tkxhky¤{`¯Cps¦px¥#

aﬃnkx¦}yKQU!³«±a4h^e.¯CaŁhi]tayhlkhloqpnftkxjl¤aMf=hijlps{¤»ps¥
hl]_ayips_j2m4aCa
jy¤{`¯Cps¦Ouswnoq©na
f[¯{¤*ef6hgji
Y
!lkd<
b
!nmpoRqV>
8pb
!
J4³«±"a4h-rs6h8;:ut
<
=%:ut
>
=BAABA=D: t
!+v
=BAABA=D: t
GKw
J
¯Ca kTyaﬃnta
ftm
a.px¥Łyips_j2m4a y¤{`¯Cps¦}yps¥¦qp¬a
j»_jiovpsjloqh¤Uhlkﬀ{oqf_wUhi]_aMoqjK©kx¦v_aMyoqfYkUÀtf_oqhiakx¦v_]tkx¯Ca4h
L
t
³uxBaksyly_`[ahi]tkxhhl]_a²jia~kx¦voq¹~khiovpsf yBps¥hi]tovyyips_j2m4a]tksy¯Ca
a
f_jla4rµa
ftm
pzaMzovf=hip[k¯to­h2yhljia~kx`
z
6{8}|
<
=%|
>
=ABAAB=D|~=BAABA=D|
GK
J¬o­hl]YkU°²±) m
p{z_a
j §½as³ wt³ ﬃŁ®@`kxfYpnj»ksjioqhi]_`[a
hio}m.m4pzaMj2ª4³º\]_a
tjipn¯_¦qaM` knz_zjlaMylya~z ]ta
jlaovyŁhi]_aKzaMyioqwnfpx¥Ik[¥½kx`[ov¦q¤px¥@pnoqf=hm
p{z_aMy¥¨pnjŁhi]tah¬p6yipstjlm
aMyﬀﬁ kxfz
Û¨á)Ü"ÛêÞ
  	
 9
 	
 
 ﬀ ﬂﬁﬃ !"$#
 %&
(') *$+,-
/. 012-"-3443657ﬁ98:
 34;-<9=
?> @"@2@"@ #?> A @B CED @
@"@2@F F
@"@F@ G
@"@F"F D
@F*@"@ C
@F*@F H
-I @F2F@ #-I H @B D2@ @
@F2F"F F
F@2@"@ G
F@2@F D
F@F@ C
J F@F"F #J C @B G2H @
F"F*@"@ F
F"F*@F G
F"F2F@ D
K F"F2F"F #K F @B @EG @
\)kx¯t¦qa,(s¶«fa
¾_kx`[_¦vapx¥,`»_¦qhiov_¦qa
¾aMzm4pza~y§/L 6NM{ª3³
ﬁºhi]tkxh¬ps_¦}zwskxj2kxf=hiaMaf_p$%iza4rgyi¤=fm2]_jipnf_ov¹Mkhloqpnf'²ps¥ﬁhi]_aK]_ovws]_jloqpnjioqh¤ypn_jlm
aﬁ9kh+kx¦v`[pnyh
ftp[m
pnyhoqfhiaMji`yps¥ﬁm
ps`[_jlaMylyovpsf a4Ã6m4ova
ftm
¤s³
O
/1ﬃ 3!,&3$456 79
PRQS TVU$WXZY[W1\ ]1^
±a4h	L¯CaŁk²À_¾aMz[f{_`»¯aMjIpx¥@¯_oqhlyIjlaMyia
jl©sa~z¥¨pnj«hi]_ajiaM_jia~yaMf=hlkhloqpnfps¥¸ksf{¤y¤{`»¯pn¦_px¥Chi]_akx¦v_]tkx¯Ca4h
L6³ﬁ\]ta L¯_o­h2yza4Àtfta²k»ya
hps¥d 6`_am
pza
¬psj2z_yM³,\]_o}yya
hps¥m4pza
¬psj2z_yovytksjhlo­hloqpnf_aMzovf=hip/M
yi_¯tyia4h2y
ub
!
=c[6ed ABAATM²u=m
ks¦q¦vaMz%$&)CF(< ( +&. ksylypm4o}khlaMzhipyi¤=`»¯pn¦vyKQ
!
ps¥hl]_aks¦q_]kx¯Ca4hKLu
knyy]_p¬fovf\)kx¯t¦qa,(s³«\]_am
psftzoqhiovpsf L g
m}oRq
>@8}M-Jo}yjla=_ovjia~zhlpK]kQ©sa+kh¦qa~ksyh d+m
pza
¬psj2z6Ca
j
yi_¯tyia4h~³,ksm2]D$ &)/)( (l&.ib	!¸m
psf=hlksoqfy)k+yia4h«px¥¸m4pzaM¬pnjlzty OELC!kj ln=mLC!/j <'=BAABA=mL!kj n@=AABAC=mL!kj oqpﬂr?<'Znu
¬]ta
jlahi]ta»ovf=hia
wna
j !yh2kxftzty¥¨pnjhl]_aKf=t`¯Ca
j²px¥m
p{z_a
¬psj2z_yŁovfUhl]_aKyi_¯tyia4h§½mMkxj2zovftkx¦vo­h¤ps¥Ihi]_a
%$ '& /)("( +&)<Qªkxftz o}yŁym2].hl]tkh4i
Y
!+kd<
!ﬁ6 £³
´yi¤=`»¯pn¦:FE[6 QW!)ps¥"hi]_a4ﬃtp¬75´m
ksf.¯CaaMftm4pza~z6¬oqhi]kxf{¤sL2rµ¯_o­hŁm
p{z_a
¬psj2ztLC!/j nŁ¯Ca
¦vpsf_wnoqftw
hlpŁhl]_a%$ '& /)( ( +&.ub	!)§½yia
aa4¾_ks`Kt¦qapx¥t\)kx¯_¦va (Qª3³ ﬃŁa
fm4asua~ksm2]m
pza
¬psj2z :FE"m
ksf¯Ca`kxta~z
ovf=hipKktkxovj 8bS! =v J«ps¥¸h¬p»©Qksjio}kx¯t¦qa~yIza
ftpxhiovf_w»jia~yCaMm4hiov©sa
¦v¤»hi]_a+%$&)/)( ( +&)<+kxftzKhl]_a²oqftz_a4¾
ps¥"hi]ta²m
p{z_a
¬psj2z[oqf.hi]_a+%$&)/)("(+&)ZbS!³«\]_a²©kxjlovks¯_¦va v´o}ykxf "!êrµ©kx¦v_aMz©ksjio}kx¯_¦vasu=h2k ﬀ{oqftw
oqhlyI©Qks¦qta¯Ca4h¬a
aMfsw²ksftz!gfd§½yia
a\)kx¯_¦va (~ª)kxfz»jla
tjia~yaMfnhloqftwhl]_aoqft]_a
jla
f=h«jia~z_ftztkxftm
¤px¥Chi]_a
L3rO¯_oqhlyÀ_¾a~z¦qaMf_wxhl]ºm
p{z_aMyM³\]_ovyjlaMz_fz_kxftm
¤¬oq¦v¦ﬁ¯aKa4¾_¦vpsoqhia~zhlp za~yim
jiov¯a»hi]ta»¦vp¬aMj_jlovpsjlo­h¤
ﬃp¬ px¥«z_kxhlk_³I\]ta
jla4¥¨psjlasu{hlp[hi]_ajlaMks¦qov¹Mkxhiovpsfpx¥)hi]_ayia=_aMftm4a+ps¥ﬁyi¤{`¯Cps¦}y 5pnf_am
ksfknyiyipm4o}khla
kyia=_aMftm4a[px¥^
!
rO©kx¦v_a~zº©ksjio}kx¯_¦vaMy x 6 
<
=BAAAD
!
=AABAT
G
Hu,¬]_ovm2]B¬ov¦q¦I¯CatyiaMzThipza~yim
jiov¯a
Ü,Ü å)ACBD6E6E
2  @	
0  	6 6ﬂ 7  /+)
0000
0001
0010
0011
0100
0101
1011
1100
1101
1110
0110
0111
1000
1001
1010
0000
0001
0010
0011
0100
0101
0000
0001
0010
0011
0100
0101
0000
0001
0010
0011
0100
0101
3 1 03 2 3 1 2
1011
1100
1101
1110
1011
1100
1101
1110
              








	










ﬁ)ovws_jla (s¶ﬁ±"ovfCﬀK¯a
h¬aMa
f[hl]_ayips_j2m4aﬀ
5
unhi]taŁ¦qp¬_jloqpnjioqh¤»yipstjlm
a¥¨psjl`[kxhhlaMz[ksykyh2khia ﬃtp¬ ps¥

!
rµ©kx¦v_aMz©ksjio}kx¯_¦vaMyMuksftz`t¦­hloq_¦va4¾a~zTm4pzaM¬pnjlzty
³ ﬃŁaMjianuChi]_a»tkhl]UoqfTjia~zza
f_pshia~yŁhl]_a»m2]_p=yaMf
m
pza
¬psj2z_yM³
pnoqf=hl¦q¤hl]_a"ﬁ5 kxftzs
r
z_kxhlk"ﬃtp¬ŁyM³
Å

½É
¢
0`_¦qhiov_¦va4¾aMzm4pza+o}yz_a4Àtf_a~z knyhi]_a+¥¨_fm3hiovpsf¬]_o}m2] `kstyk L2rµ¯_oqhlyÀ_¾a~z
¦va
ftwxhi]m4pzaM¬pnjlztL!kj noqf=hlpKk»tkxovjpx¥©kxjlo}kx¯_¦vaMym4pn`Ktjio}yovf_whi]_ayi¤=`»¯pn¦©ks¦q_a QU!)px¥"hl]_akx¦v_]tkx¯Ca4h
L §¨pnf.¬]_o}m2] hi]_a+]_ovws] _jiovpsjloqh¤6ypn_jlm
ao}y =tkxf=hiov¹
a~ztªkxftz6hi]_a+©kx¦v_aps¥,k©ksjio}kx¯_¦vahv zaMf_pxhloqf_w
hl]_aovftza4¾ px¥)hi]_am
p{z_a
¬psj2z6ovf hl]_a %$&)CF(<( +&.ksylyip{m
ovkxhia~zhip/QU!«ksyM¶
LC!/j n 8uQU! =*J §?(~ª
ﬁtpsj)a4¾_kx`[_¦vasu¦va4h[L 6 ORQS<=TQU>@=DQﬀV=TQﬁ@Z¯ahi]taks¦q_]kx¯Ca4h,ps¥hi]_ayips_j2m4a ﬁ5¬o­hl]hl]_ayhlkxhiovpsftksji¤
tjipn¯tkx¯_ov¦vo­hloqa~y[wsov©sa
f¯{¤ bd< 6 wSA Mﬃﬂ_uIb> 6 w,A ﬂw_uIbﬀ 6 w,A _ﬃ uksftz`b!ﬁ 6 w,A w-_³ \)kx¯_¦va8(wsov©saMy
ksf¼a4¾_kx`[_¦va6px¥tksjhlo­hloqpnf_ovf_wpx¥hi]ta.ya
hpx¥  6 _am4pza
¬psj2z_y+ovf=hiphl]_atM %$ '& /CF(( +&)< 
knyiyipm4o}khlaMz hiphl]_a»ks¦qt]tkx¯Ca4hyi¤{`¯Cps¦}y
³Ł\]tovytkxjihioqhiovpsf_ovf_w6jla
©naMks¦vyiM
!
rµ©kx¦v_aMz©ksjio}kx¯_¦vaMyMut¬]ta
jla

!
o}yhi]taºm
ksjlz_oqftks¦qoqh¤·ps¥aMksm2] m
¦vknyiyM³ \pxhlahi]tkxhMuŁovf \)kx¯_¦va (suhl]_aºm
p{z_aMy6ksjiaj2kxfCﬀnaMzovf hi]_a
¦va4¾o}m4pnwsj2kx_]_o}m«pnjlzaMjMu¯thﬁhi]_a`[a4hi]tp{z»o}yﬁf_pxhﬁjia~yhljio}m3hlaMzhiphi]_o}yﬁpsj2za
j~³#"+f_p¬ovf_whi]_ayia=_a
fm4a^y
5
hlp[¯a²hij2kxfy`[oqhhia~z¸uoqhkx_CaMksjlyhi]tkxhyaM©saMjlks¦Cm2]_pnovm
aMypx¥ﬁm4pzaM¬pnjlz_ykxjla+kQ©Qksoq¦}kx¯t¦qanu{knyza
_o}m3hlaMzovf
Àws_jla (s³ﬁ\]{tyMuQknz_zoqhiovpsftks¦n©ksjio}kx¯_¦vaMyjia~kx¦voq¹~khloqpnftymMkxf¯Caz_aMylm4jloq¯CaMz¯{¤²hi]taovftza
¾{a~yps¥m4pzaM¬pnjlzty
¬oqhi]toqfhl]_aaﬃ=_oq©ks¦qaMftm4am
¦vknyiyiaMyIjiaM¦vkxhiaMzKhlphl]_ajlaMks¦qov¹Mkxhiovpsf/yB5»³«\]_aMyiaŁovftza
¾{a~yksjiaŁjla4¥¨aMjijlaMz»hlp»ksy
yhlkxhia+©kx¦v_aMy$ﬁu
Û¨á)Ü"ÛêÞ
  	
 
PRQ  	X	^ U W	uX
&^ ]	 ^ U \ U:W	 U$W	ZW	!U?^ﬁﬀ
dµhkxta~kxj2y6¥¨jlps` ks¯p©naUhi]khhi]_a£za~yovwsf ps¥`t¦­hloq_¦va4¾a~zÁm
p{z_aMy jiaM¦qovaMypsf hi]_a¼m2]_pnovm
aTpx¥»hi]_a
kxjihioqhiovpsfVb 6 Ob < =AABAC=1b Y Zn³6\]_aaMftm4pzovf_whi]ta
f¼_jlp{m
a
a~z_y+¬o­hl]Bhi]_a.m
psf{©saMjlyiovpsfUps¥hl]_a6¦vp¬aMj
tjiovpsjlo­h¤²¯_oqhlyhijlaMks`oqf=hip+k ﬃtp¬£px¥t©ksjio}kx¯_¦vaMyhlkﬀ{oqf_whi]_aMoqjﬁ©kx¦v_a~y,ovfhl]_azoq®CaMjiaMfnh«yia4hly)ps¥. ! rO©kx¦v_a~z
©ksjio}kx¯_¦vaMyM³
dgf¿psj2zaMjhlpB¯Ca`t¦­hloq_¦va4¾a~zY¬oqhi] yi¤=`»¯pn¦vyKps¥ﬁ5uhi]_a¦vp¬aMj»tjiovpsjlo­h¤£¯to­h2yhljia~kx` z `»tyh
¯Ca`kx_CaMz¿ovf=hip·k£yia=_aMftm4apx¥ "!êrµ©Qks¦qtaMz©kxjlovks¯_¦qa~y
³ ±a4h.y6m4pnftyo}zaMj[hi]_aU`ks__ovf_w¼px¥+hi]_a
jlaMks¦qov¹MkxhiovpsfjyR5 6ﬃﬂ<#AABAﬂBE.ABAA ﬂBGIH ovf=hiphi]ta6yaﬃnta
ftm
a"! 6$#d<#ABAA	#?E)AABA%#GKHŁ³\]_ayaﬃnta
ftm
aKps¥
#?EOrµ©kx¦v_aMzº©kxjlovks¯_¦qa~y+m
kxfBkx¦}yp¯CayaMa
f¼ksyk_f_o=_a'&Irµ©kx¦v_aMzº©kxjlovks¯_¦qa"(_u,¬]_a
jla"&a6)
G H
Eckd<
#?E%A
\]ta©kxjlovks¯_¦va*(]_aMftm4aŁ©na
jlo­ÀaMy	w,+-('+-&sg ds³ﬁ\]_a nkxf=hioqh¤"&zaMf_pxhlaMy«hl]_a²f=t`¯Ca
jps¥zoq®CaMjiaMfnh
`»_¦qhiov_¦qa
¾aMzTyia=_aMftm4a~yps¥m4pzaM¬pnjlz_yZLC!/j nhl]tkhm
ksfU¯aKtyiaMzUknykm4pza~zjla
_jlaMyia
f=hlkxhiovpsfps¥Ihi]_a
yia=_aMftm4a yR5³.f_a+ps¥hi]taMyia+yia=_aMftm4a~ym
kxf¯Ca²ya~z knyk»`»_¦qhiov_¦qa
¾aMzm4pzaMzza~yim
jiovhiovpsf px¥)hi]_a
h¬pyaﬃ=_a
ftm
aMy yR5 ksftz y r0/ ³\]_ayia=_a
fm4apx¥ﬁ`t¦­hloq_¦va4¾a~zm4pza
¬psj2z_yhip.¯a+hljlksfty`[oqhhlaMz¬ov¦q¦
hl]_a
fzaMaMftzpsf hi]_a¯to­h2yhljia~kx`jla
_jlaMyia
f=h2khiovpsf z px¥,hi]_ayipstjlm
a  r ³
\]_a[`k¾ov`_` kx`[ps_f=hpx¥oqf¥¨pnji`kxhiovpsfºhi]tkxhmMkxfº¯a6yhipnjia~zUovfThl]_a&Irµ©kx¦v_aMzT©kxjlovks¯_¦qa"(ovy
hl]_a
pnjia
hio}m
ks¦q¦v¤
mpoRqV>
8& J¯_oqhlyM³ﬃŁp¬a
©na
j~u=yioqfm4ahi]_o}y©Qksjio}kx¯t¦qa²ovytyiaMz6hip[yhlpsjla¯to­h2yps¥hl]_a¯to­h2yhljia~kx`
z
u_pnf_¦q¤21jt
3
654
mpoRq
>@8& J76¯_o­h2yŁm
ksf ¯CayhipsjlaMz"u¦qa~kszovf_wKhipkxfp©na
jl]_aMknza=tks¦@hip98;:%<>=@?BAC
G
v

³
\]_a¦vknyh Dﬁ1jt
3
¯_oqhly"ps¥
z
kxjla)hi]_aMfyaMa
fksy@hl]_aI¯_ovftksji¤Łjla
tjia~yaMfnh2khloqpnfps¥{ksf²ovf=hiaMwsa
jE»m4pn`Ktjio}ya~z
¯Ca4h¬a
aMf w[ksftz _
G
v

g dsu{hl]tkhmMkxf¯aa
¾_jia~yiyiaMz ksy
E 6
G
v

F
~
kd<
|
?
~>G
G

rFG
v

C
_
~
r<
§Wsª
\]ta.©kxjlovks¯_¦va'E`»tyhhi]ta
f·¯Ca a
¾tkxftz_aMz£ovf=hipTkºyaﬃnta
ftm
a6px¥Łtksoqj2y8H#?E%=E Jhi]kh»¬ov¦v¦_jlp©{ovz_a
aMf=hijloqa~yIovf6hi]ta`t¦­hloq_¦va4¾a~z.m4pza~y«h2kx¯_¦vas³«±"a
hyjlaMmMkx¦v¦_hi]kh EIza
ftpxhia~yIhl]_aovftza
¾6px¥km
pza
¬psj2z
ovf·hl]_a8D$ &)/)(j( +&)<Kksylypm4o}khlaMzBhlpThl]_a jlaMks¦qov¹Mkxhiovpsf-ﬂBEps¥kTwnoq©na
fYyi¤{`¯Cps¦-:FE2³Y\]_aMjiakxjla
z_o­®@a
jla
f=hŁ¬kQ¤{yhlpa4¾tkxfz6hl]_a©kxjlovks¯_¦qaIETovf=hipKhi]tayaﬃnta
ftm
apx¥J#?EWrµ©kx¦v_aMz ©kxjlovks¯_¦vaMy8 E J3ut¬]ta
jla
K
6 dn=ABAA>15³.f_a+Cpnylyov¯_¦va²`[a
hi]_pzovyhip[tyia+hi]_ajlaMm
_jlyiov©satm4¦vovz_aMkxfza~m4pn`KCpnyioqhiovpsf"¶
Å

½ÉML
¢
\]_a»jia~m4_j2yioq©naItm4¦vo}zaMksfTzaMm
ps`[Cpnyio­hloqpnfpx¥IkCpnyio­hloq©naoqf=hla
wsaMjONº¯=¤k.yia4r
=_aMftm4aQP 6a8SR
<
=>R
>
=BAABAC=%R
G
Jpx¥"Cpnyio­hloq©naovf=hia
wna
j2yo}yhi]_a²_f_o=_a²yia=_aMftm4aQT 6 8HU
<
=>U
>
=BAABA=%U
G
JWV
X
G
ytm2]hl]tkh~¶
Y
Nf6ZU
<\[
R
<
8SU
>][
R
>
8 AABA8HU
E^[
R
E
8XAAAR8HU
G r?<\[
R
G r?<
U
G
JFAABA JTJFAABA JTJ
_
K
V` dVAlA 1ba;=w"+-U
E
+cR
E
g d
§½bnª
dµh¦vaMksztyIhlp»a
¾{kxftz,EUkny 
<[
#
<
8 
>ﬁ[
#
>
8XAAAR8 
G
H
r<[
#
G
H
r?<

G
H JFAABA JTJ3³I\]_a+m4pn`[pnf_a
f=hly
EmMkxf hi]_aMf¯Cam
ks¦vm
_¦}khia~z.¯{¤hl]_akx¦vwspnjioqhi]t` (s³
dgfyi_`[`[ksji¤nu{hi]_aaMftm4pzovf_w[_jlpm4a
a~z_yksy¥¨pn¦q¦vp¬Ły
¶
d
ÛêåOe}ã2ägÙæÓ3åQè fã]gã2Î¨Ù,Ó eih%jCæ~ØÚQÓ3ÖWÍ«è×ÍåQÒ2ÙOÚIkQÍ	gsÍålk~Ö,Ó3åÙOÚQÍIéÔQè ÙOÕmg~è×Í	nMÕ×åQÒäiã gQã2äÕ ÙofÓ eÙWÚQÍIÖOÍ	pMÔ~Íå~äÍh%q
r
Þ,å@fÓ2ÙWÚQÍÎ,ÖWÔlsQÖOÍgÙÓ eitIu
v
sQÕ ÙWÖ,Ó ewKäã2åQs Í«Ô~ÖOÍ	k
Ü,Ü å)ACBD6E6E
-  @	
0  	6 6ﬂ 7  /+)
   É    psf{©saMjlyiovpsf6ps¥hi]taoqf=hiaMwsaMjWEUoqf=hip[hl]_ayaﬃ=_a
ftm
a
 É 
K
6ed²hip1 5
Ê É
CE[6ZE?t o
	)m}o #?E
EFt.6
v
r n


Å  Ê É 
   
u
=


 ﬀ

F #?> A F HEHﬀ D @"@F"F
G #?> A GAyAEH F @"@2@F
D #J C CyC2C2D D F"F2F@
C #-I H FyF2F@ @ @F2F@
H # J C G2G"G G F"F*@F
A # J C H2H D F"F2F@
ﬀ # > A F*D F @"@2@F
ﬁ
# > A G G @"@F@
\)kx¯t¦qa _¶[Itm4¦vo}zaMksf·zaMm
ps`[p=yoqhiovpsf£ps¥hi]_a ©kxjlovks¯_¦qa,E kxfz£m4psjljlaMyipnftzovf_w`_¦qhiov_¦va4¾aMz£m
pza4r
¬psj2z_yM³
(s³ ﬁ_pnj
K
6 dn=ABAA>15u"¦va4h #?EŁ¯CaKhi]_aj(%&<))&  ﬃﬂ»ps¥hi]ta%$ '& /)(f( +&)<²ksylypm4o}khlaMzUhiphi]_a
jia~kx¦voq¹~khloqpnf ﬂBEps¥,hl]_ay¤{`»¯pn¦ﬁ:FE2³
³\]_aoqf=hla
wsaMj'& o}ym4pn`[_hia~zÂkny,& 6
)
GKH
Eckd<
#?E2³¿\]_af=t`¯Ca
j1
t
3
px¥²¯_o­h2y[px¥Łhl]_a¦vp¬aMj
_jloqpnjioqh¤º¯to­h2yhljia~kx`
z
hi]tkxh[mMkxf·¯Capnoqf=hl¦q¤¼a
fm4pzaMzY¬o­hl]·hl]_ayia=_aMftm4as5 o}y»wnoq©na
f£¯{¤
4
m}oRq
>V8S&^J 6=³
b_³\]_a1jt
3
¦}ksyh¯_o­h2y+px¥hi]_a¦vp¬9tjiovpsjlo­h¤¯to­h2yhljia~kx`
z
ksjiam
psf{©saMjhlaMzUovf=hiphi]ta6yaﬃnta
ftm
aKps¥
tkxovj2y8H#?E%=E J4u
K
6 d ABAA%15utyiovf_w[hi]_aks¦qwnpsjlo­hl]_` §?(Qªpx¥,hi]_aIm4¦vovza~kxfza~m4ps`[Cpnyio­hloqpnf ps¥
 =f"³§Wbnª3³
t³\]_a.yia=_aMftm4a[px¥tksoqj2yﬂ8ﬂBE%=E J+_jlp©=o}za~yhl]_a6aMfnhljiovaMyoqfBhi]tahlks¯_¦qaps¥`»_¦qhiov_¦qa
¾aMz¼m4pza~y
u
]_a
fm4akx¦v¦qp¬Łyhipyia
¦vaMm3h²hi]ta[yia=_aMftm4aKpx¥)L2rO¯to­h2y²À_¾aMzU¦va
ftwxhi]¼m4pza~yhip¯aKhij2kxfy`[oqhhia~zUpnf
hi]_am2]kxf_f_aM¦W³
9³dµ¥Q1jt
3
+51
3
u«hi]_a 1
3
g 1jt
3
Àtjlyh»¯to­h2y»ps¥hi]_a¯_oqhlyhijlaMks`
z
ksjiahl]_a
fm4pnftm
kxhia
fkhia~z¼hip
hi]_aKyaﬃ=_a
ftm
apx¥«`t¦­hloq_¦va4¾a~zUm4pzaM¬pnjlz_yM³ .hi]_aMji¬o}yanuhi]tajla
`kxovf_ovf_w6y¤{`»¯pn¦vyps¥I

kxjla
f_pxhŁ`»_¦qhiov_¦qa
¾aMz¯_hyia
f=hŁtyioqftwKpshi]_aMjŁm4pza~ypsf hi]_am2]kxf_f_aM¦Wu_yitm2]ksy ﬁ ±ﬁypsj ﬃŁ_®C`kxf
m4pza~y
³
ykx¦v¦yhia
ykxjla²jla
©na
j2yov¯_¦vasu=hi]tazaMm
p{z_oqf_w[_jlpm4aMaMz_yovf hl]_ajla
©saMjlyia²psj2za
j~³
Û¨á)Ü"ÛêÞ
  	
 
   É    L[pnf=©na
j2yovpsfpx¥thl]_aoqf=hla
wsaMj E6oqf=hiphi]tayia=_aMftm4aps¥CyhlkhlaMy 6yovf_w²hi]_a]_ova
j2kxj2m2]_o}m
ks¦
ks¦qwnpsjlo­hl]_` §ê¥¨pnjŁyaﬃ=_a
ftm
aMyyitm2] hi]tkxh  m 15 6`_
8
ª4³
 É  6edhlp m
Ê É~Ijipm
aMylyovf_wKpx¥ﬁ©Qks¦qtaMyW#
E
=
E	
oqf{©nps¦v©saMz.oqf¥¨_jihi]ta
j_jlpm4aMylyioqf_w

 É  c[6ed²hip _
8
r
Ê É
K
<-6 8kcdg d'J?_

[ d
K
> 6`c _

K
6 8
K
< [
K
>^g dRJ  _
#
E
=
E 
6 #
E
E 
#
E
=
E G <
Å Ê É 
Å  Ê É 
 É  6 m hlp d+¯=¤ g d
Ê É~Ijlp{m
aMylyovf_wKpx¥ﬁ©kx¦v_aMy$
Ec>
E}<


 É  c[6ed²hip _
8
r
Ê É
K
< 6 8kcdg d'J?_

[ d
K
> 6`c _

K

6 8
K
<ﬁ[
K
>
g dRJ

_

E

E	
6 
E
=
E	

o 	Fmpo
#
E

E	

E
=
E
6 8 
E
=
E	
g 
E

E	
J

#
E

E	
Å
Ê
É

Å 
Ê
É

PRQ(P *ﬁﬀ \Z]1^
±a4h²tym
psftyio}za
j²kxwnksoqfhl]_a[ypn_jlm
akx¦v_]tks¯a
h+za~yim
jiov¯CaMzovfºyiaMm3hloqpnfTb6ksftzhi]ta»`»_¦­hloqt¦qa
¾{a~zUm4pza
wnoq©na
fovfT\)kx¯_¦va*(s³+psftyiovz_a
jloqf_w[hl]_a»yia=_aMftm4apx¥yi¤=`»¯pn¦vy 5 wsov©saMfoqfº\,ks¯_¦qaKuhi]_aKkx¦vwspsjloqhi]_`
tjipm4aMaMz_yÀjlyh¬o­hl]hi]_azaMjiov©khloqpnf ps¥,hl]_ayaﬃ=_a
ftm
a+px¥J#
E
©kxjlovks¯_¦vaMyksyyi]_p¬foqf\)kx¯_¦va³I\]tovy
¦vaMknz_y«hlp & _
<ﬀﬂﬁ ﬃﬃ
³«\]_aMjia
¥¨psjlasunhi]_a¦vknyh d! ¯to­h2yps¥¸hi]_a²¯_oqhlyhijlaMkx`
z
6 d2w?d"wd2w?dd&wwwwsddd"whw$d
ksjiaya~z[hip»_jipm
aMylyﬁhi]_a©kxjlovks¯_¦qa E 6 i
<
~
k#<
|~A6_
~
r?<
6 d  #"$" &%³)\]_aItm
¦qo}zaMksf.za~m4ps`[Cpnyio­hloqpnf
ps¥hl]_a[©Qksjio}kx¯t¦qa EYksmMm4psj2zovf_w6hlp =f"³([¦qa~ksz_yhlp hl]_a6yia=_a
fm4aKpx¥ 
E
©kxjlo}kx¯_¦vaMyK§¨ovftza
¾{a~ypx¥hi]_a
m
pza
¬psj2z_yovf¿hi]_aBm4¦}ksylya~y6ps¥+aﬃ=_oq©ks¦qaMftm4aTknyiyipm4o}khlaMzÂhipYhi]_aByaﬃnta
ftm
apx¥yi¤=`»¯pn¦vy2ª[wnoq©na
f ovf
\)kx¯t¦qa _³T\]_ayaﬃnta
ftm
a6px¥Łtksoqj2y8 ﬂBED=	CE J_jip©{o}zaMyzoqjlaMm4hi¦v¤Thl]_a.aMf=hijloqa~yovf·hi]ta6hlks¯_¦va6px¥ L2rµ¯_oqhly
Àt¾{a~z.¦va
ftwxhi]m
p{z_a
¬psj2z_y
u{oO³ an³«oqfhl]_a+hlks¯_¦qa+ps¥)`»_¦­hloqt¦qa
¾{a~zm4pzaMyM³
PRQ' (  W^ UU$YZWY  ]  ]ﬀ)\ U$W	Qﬀ 	U- ^ Y ﬀ \+*  !W%	X
\-,
\]ta²za~m4pn`KCpnyioqhiovpsf.ps¥^Eovf=©nps¦v©sa~yIhlpKza~kx¦@¬oqhi]¦qpnf_w»ovf=hiaMwsa
j2yM³,dµ¥,hi]_a+¦vpsf_wKoqf=hla
wsaMjEUo}ym4pn`Kthr
a~zºknm
m
psj2zoqftwhiphi]ta[ks¦qwnpsjlo­hl]_` (su¸oO³ as³»kny²oqfºhi]_a[a
¾ks`[_¦qa[ps¥\,ks¯_¦va_u@hi]_am
ps`[_¦va4¾o­h¤UmMkxfB¯a
aM©kx¦vtkhlaMzTknyŁ¥¨pn¦q¦vp¬ŁyM³²ksm2]ºyhiaMºps¥Ihi]taKks¦qwnpsjlo­hl]_` _jia~yaMf=hiaMzToqfB\,ks¯_¦va[.m4ps`[__hiaMy+k `[p{z__¦qp
pnaMjlkxhiovpsfkxfz6kzov©{ovyioqpnf6¬]_p=yaŁpnaMjlksftz_ykxjlajia~yCaMm4hiov©sa
¦v¤ EFtCkxftzKhl]_a²oqf=hiaMwsaMj\#?E3³I{tm2]psCa
j2kr
hloqpnftyﬁm
ksf¯Catjipm4a~yiyiaMz¬o­hl]/.*81ﬂ54J,aM¦qaM`KaMf=hlkxjl¤+psCa
j2khloqpnfty
³dµhﬁ¦vaMknz_y,hip+k`kx¾{ov`kx¦m4pn`[_¦qa
¾o­h¤
ovfhi]_apnjlz_a
jpx¥0.*8S1
>
5
J3³
Ü,Ü å)ACBD6E6E
(~  @	
0  	6 6ﬂ 7  /+)
   É     psf{©na
j2yovpsf¿px¥+hl]_aByia=_aMftm4aTpx¥yhlkhlaMy ´oqf=hipYhi]_aºws¦vps¯tks¦yhlkxhiabE0tyioqf_wYhi]_a
]toqaMjlksjlm2]_o}m
ks¦Cks¦qwnpsjlo­hl]_` §¨¥¨psjŁyia=_a
fm4aMyyitm2] hi]tkxh  m 1ﬂ5 6 _
8
ª3³
 É  6edhlp m
Ê É
 É  c[6ed²hip _
8
r
Ê É
K
<-6 8kcdg d'J?_

[ d
K
> 6`c _

K
6 8
K
< [
K
>^g dRJ  _

E
=
E 
6 
E
E 
[ #
E
E 

E
=
E G <
#
E
=
E	
6 #
E 
E	
#
E
=
E G <
Å Ê É 
Å  Ê É 
E6 #
>
<
 ]_ova
j2kxj2m2]_ovmMkx¦)kx¦vwspsjloqhi]_` kx¦v¦vp¬ŁyhipjlaMztm
ahl]_ovy+m
ps`[_¦va4¾o­h¤tyiovf_wksf_pxhl]_a
j+za~m4ps`[Cpnyio­hloqpnf
ps¥^Eﬁ³ﬁ_pnjylk ﬀna+px¥)m
¦vksjioqh¤su¬aksylyt`Kahi]khO1
5
6 _
8
³I\]_aks__jlpnknm2].m
ksf ¯CaaMknyov¦q¤a
¾{hia
fzaMz hip
ksf{¤6¦qaMf_wxhl]"³«±"a
h #
E
=
E	
z_a
f_pshiaMyhl]_a_jlpztm3hI)
E
=
Eck?E	
#
E
³{ov`[oq¦}kxjl¦v¤su 
E
=
E	
ovyza4ÀtftaMzksy

E
=
E	
6 E	
[
#?E	8 CE	
G
<
[
AABA8 E
=
r<
[
#?E
=
r?< CE
=
JFAABA JCA §¨=ª
dµ¥)hi]taf{_`¯Ca
jps¥,hla
jl`[yŁoqf =f"³ovyk[Cp¬aMjpx¥)h¬puoW³ aoq¥
K
>
g
K
<
g d46 _
8
v
uhi]ta
fhi]_aa
f=hioqhiovaMy
#
E
=
E	
ksftz 
E
=
E	
mMkxf¯ajlaMyiCaMm3hloq©na
¦v¤6zaMm
ps`[CpnyiaMzksy
#
E
=
E	
6 #

=




=
E	
#
E
=

=




=
= §ﬂ9sª

E
=
E

6

=




=
E

[
#

=




=
E


E
=

=



 
=
A §12nª
\pxhlovm
ahl]tkh*Es6
>

<
ut]_a
ftm
a²hi]_ayhlkxhiaIEºm
ksf ¯Caza~m4ps`[CpnyiaMzksy
E6
>


<
[
#
>


<

>
>



G
<
A §Oxª
oq`[ov¦vksji¦v¤suaMksm2]YhiaMji` ps¥ =f"³Tm
ksfÂ¯Cajia~m4_j2yioq©na
¦v¤¼z_aMm4pn`[p=ya~zYtyiovf_wº nf³49TksftzÂ =f"³2_³
\]{tyMu{hi]tam4psf{©na
j2yovpsf6ps¥,hl]_aovfnhla
wna
jWEUovfnhlpkKyia=_aMftm4aps¥)yhlkxhiaMy$Bm
ksf¯azpnf_a+o­hla
j2khloq©na
¦v¤su_ksy
z_aMylm4jloq¯CaMzºoqf¼kx¦vwspnjioqhi]t` ³/\ŁpshiaKhi]tkxhaMksm2]B¦va
©saM¦

wsaMf_a
j2khlaMyhi]_a©ksjio}kx¯_¦vaMy²jla=_ovjia~z¥¨pnj²¦va
©na
¦

[
dn³\]_ajiaM©sa
j2yiaﬁks¦qwnpsjlo­hl]_`0ovy,kx¦}ypz_aMylm4jloq¯CaMz6§Wkx¦vwspnjioqhi]_`0bnª4³)\]_am4ps`[_¦va4¾oqh¤ps¥hi]_o}y)kx¦vwspsjloqhi]_`
yhijlpsftws¦v¤zaMaMftz_y+pnfhi]_am
ps`[_¦va4¾o­h¤ps¥Ihi]_a[kx¦vwspnjioqhi]t`[ytyiaMzU¥¨psjhi]_a[`t¦­hloq_¦vo}m
khloqpnf"u¸zov©=o}yioqpnf
ksftz¼`[pz_¦vpTpsCa
j2khloqpnftyM³ "kxj2khlyi_¯tk  ×"]tksy»a4¾_¦vo}m4oqhi¦v¤¼yi]_p¬f¼hl]tkh»hi]_a~ya6pnaMjlkxhiovpsfty]tkQ©sa6k
yi_¯ =tkszj2ksm4hio}m»m
ps`[_¦va4¾oqh¤s³+ﬁ_pnja4¾_kx`[_¦vasu¸hl]_a`t¦­hloq_¦vo}m
khloqpnfBmMkxfB¯a6z_psf_a[ovf .*8}

	


	
=
J¬oqhi]
hl]_a "kxj2khlyi_¯tkkx¦vwspsjloqhi]_`³>ﬁ_pnj,ov`[_¦qaM`[a
f=hlkxhiovpsft_jiCpnyiasua
Ã6m4ova
f=hﬁks¦qwnpsjlo­hl]_`y,ksjiazaMylm4jlov¯a~zovf

ÝMÓ3éÍﬁã2è×Ò3Ó3ÎWÕ ÙWÚQéÖiæ~ÖOÔQäOÚ+ã2Ö"ÙOÚQÍÓ
Ó3éã2ålkÙWÚQÍéÔQè ÙWÕmgQè×Õ×äãlÙOÕ×Ó3åã2è×Ò3Ó3Î½Õ ÙOÚQéÖælgxÍÎSeqÓ3Î½écsxÍgÙWÙWÍÎ
Û¨á)Ü"ÛêÞ
  	
 (0(
hl]_a&3 \ ÂU_¦­hloqt¦qa_jlaMm4o}yioqpnfm4ps`[__hiovf_w¦voq¯tjlksji¤  /( "O³#\Łp¬uQ¦qa
h)y,knyiyi_`[a«hi]khhl]_am4ps`[_¦va4¾oqh¤ps¥
¦vpsftw»ovf=hia
wna
jpsCa
j2khloqpnftyksjia²wsov©saMf.¯{¤ *8S1 J3u¬]_aMjia 1 ovyhl]_a+¯_¦qpmﬀ6yioq¹Maps¥hl]_a+¦vksjiwnaMyh©kxjlovks¯_¦va
ovf{©spn¦q©naMz¸³ \]_aMf"uŁ_jlpm4a~yiyioqftw£hi]_aº¦qaM©saM¦  oqf0kx¦vwspnjioqhi]_` £]tknyhl]_aºm
ps`[_¦va4¾o­h¤`_
8
r
 *8(_

Jj6
1 5 _
r
 *87_

J4³yiyi_`[ovf_whi]kh *81 J 6 .*8S1
~
J+¬oqhi] U dnuhl]_a6p©na
j2kx¦v¦ﬁm
ps`[_¦va4¾oqh¤ºm
ksf£¯a
¬jloqhhiaMfksy
15
8
F
Tkd<
_
r
.*8T8(_

J
~
J §1-nª
.j~uﬁ¥¨jlps` *8S1 J/6 .*8S1
~
J4u¬a za~ztm4a hi]kh-  w 	
 w 
_ 1 V X g O2w	ZW= *81 J
 [ 	01
~
³I\]_o}y¦qa~ksz_yhlp[hi]_a+¥¨pn¦q¦vp¬ovf_w»ovf_aMwnkx¦voqh¤
1 5
8
F
Tkd<
_
r
 *8(_

J-1 5
8
F
Tk#<
_
r
8 [ 	 8(_

J
~
J §½nª
 1ﬂ5
8
F
Tkd<
_
r
[
15	
8
F
Tk#<
_

?
~ r?<
C
§ (Mnª
c15
[
1ﬂ5	 _
?B8
G
<
C ?
~
r?<
C
§ ((~ª
oqftm
a+¬a]tkQ©na
_
?B8
G
<
C ?
~
r?<
C
6 8S1
5
J
~
r<
_
~
r?<
= § (~sª
oqhks_CaMkxj2yﬁhl]tkhhi]_a²m4ps`[_¦va4¾oqh¤»ps¥¸_jipm
aMylyovf_w+hi]ta¦va
©saM¦
m
ksftzKhi]tap©saMjlks¦q¦m4ps`[_¦va4¾oqh¤Kksjiaps¥¸hi]_a
ylkx`[apnjlz_a
j~utoO³ a/.*8X8S1
5
J
~
J4³\]_aKyiks`KaKkxftks¦q¤yiovykx__¦vovaMyhiphl]_aKks¦qwnpsjlo­hl]_` bt³yksfa4¾_kx`[_¦vasu
ﬁ)ovwt³«ov¦q¦vtyhij2khlaMyhl]_a.]toqaMjlksjlm2]_o}m
ks¦kx¦vwspnjioqhi]t` ¬oqhi]Yhi]_ayiks`Kaz_kh2kTknyovf£hlks¯_¦qa³ \Łpshia6hl]tkh
yips`[a+©kx¦v_aMyW#
E
=
E	
_jlpm4a~yiyiaMz.oqfﬁ)oqw³KkxjlaftpxhŁjla=_ovjia~zº§¨¥¨psja4¾_ks`Kt¦qanu{hi]_a©kx¦v_a #
G
H
<
6 &ª4³
PRQ ﬀ \ U?^   W	uX ^ Y[W^ X Yi
ksm2]Yyi¤{`¯Cps¦px¥hi]tayia=_aMftm4as5 o}y»knyiyipm4o}khia~zBhipBk L2rµ¯_oqhly»À_¾aMz£¦va
ftwxhi]m4pzaM¬pnjlz¸uﬁ¦vaMknzoqftw
hlpUkhipshlkx¦¦qaMf_wxhl]¼px¥hi]_a.`_¦qhiov_¦va4¾aMz ﬃtp¬ a=tks¦«hip L@A 1ﬂ5³\]ta
jla4¥¨psjlasuhi]_a m4ps`[_jlaMylyioqpnfºj2khla
o}y²za4hla
jl`Kovf_a~z¯{¤ hl]_a»ks`[ps_f=hps¥ 

ovf¥¨psjl`khloqpnfhi]tkxh²mMkxfU¯CaŁpnoqf=hi¦v¤m4pza~z¯{¤ hl]_a[yaﬃnta
ftm
a
ps¥`_¦qhiov_¦va4¾aMz·m
pza
¬psj2z_yM³±a4hym4pnftyiovzaMj»kswnkxovfBhi]_a jia~kx¦voq¹~khloqpnf0ﬂBE²px¥kUyi¤{`¯Cps¦^:FEps¥hi]_a
yia=_aMftm4aﬁ5³.fta+mMkxfksylypm
ovkxhia+kxf #?EOrO©kx¦v_a~z.©kxjlo}kx¯_¦va²hipKhi]_ayi¤{`¯Cps¦¸©kx¦v_a ﬂBE2³I\]_akx`[pstfnh
ps¥Cz_kxhlk²hl]tkhIm
ksf[¯ajla
_jlaMyia
f=hlaMz¯{¤hl]_o}y«©kxjlovks¯_¦qao}y
mpoRqV>
8H#
E
J)¯_oqhlyM³«oqftm
ahi]_a&L¯_oqhly«ps¥hl]_a`t¦­hlo­r
t¦qa
¾{a~z.m
p{z_a
¬psj2zm4pza¯Cpxhl].hl]_a+y¤{`¯Cps¦C©kx¦v_a ﬂ
E
ksftz[hl]_aovftza
¾ 
E
za~yim
jiov¯_ovf_whl]_a²¦qp¬ _jlovpsjlo­h¤
¯to­h2yhljia~kx` jlaMkx¦vov¹Mkhloqpnf"uChi]_a[`[aMksfºza~yim
jiovhloqpnfT¦va
f_wshi]Â§½`z¦}ª¥¨pnjhl]_ay¤{`»¯pn¦ﬁﬂ
E
o}yhi]_aMpsjla4hlovmMkx¦v¦q¤
L g
m}oRqV>
8S#
E
J-6 g
m}oRqV>
8


>
JŁ¯_o­h2y
³²\]_a»ks`[ps_f=hps¥z_kh2k_uCoqfU¯to­h2y
uhi]tkxh`kQ¤¯a»`_¦qhiov_¦va4¾aMz¬oqhi]
k[yia=_aMftm4ay
5
tyovf_wKhi]ta #
E
rµ©kx¦v_aMz©kxjlo}kx¯_¦vaMyo}ywsov©sa
f¯{¤
g
F
<)E)G
H
mpoRq
>V8
#?E

J § (Mbnª
Ü,Ü å)ACBD6E6E
(Q  @	
0  	6 6ﬂ 7  /+)
 ^B(U
 &) *#
E
=
E 

	







	





ﬀ	
ﬁ
ﬁ


 ﬂﬃ

  ﬃ!

 #"$
ﬁ
 ﬂ%

 	&%ﬃ!
ﬁ
 	%&ﬃ
'

 ﬁ
ﬀ(")*&%ﬃ!
 ^B(U
 &) 
E
=
E 
+ﬃ,
,-.
+$/
/0-#1
+$2
20-.
+43
35-6
+$7
70-	8
+9
90-	.
+:
:-;1
+$<
<0-	8
+$/
,
-	=
+$3
2
-.
+9
7
-;14>
+$<
:
-;1$.
+43
, -#1%1?
+$<
7 -	8%8%8
@
-
+ <
,-#1Aﬃ=%=BA%?
C  
 	<EDGF   1CD&T(%p(%&) %( 	 .6 ﬂ1@ WEIH
dgfpnjlzaMj«hip`[ovf_ov`Kov¹
ahi]_a`[z_¦KJeps¥hl]_ayips_j2m4aﬀﬁ5»unpnf_a]tksy«hi]_aMfhipm2]_p{p=yahl]_aŁtksjhlo­hloqpnf_oqftw
bÁpx¥²hi]_aUyia4hpx¥ 6 _a[À_¾aMz¦qaMf_wxhl] m4pza
¬psj2z_yKovfnhlp D$ &)/)( (+&) b
!
ps¥²mMkxj2zoqfkx¦vo­h¤

!
=mc[6 dKAAADM²utym2].hl]tkh
8p
<
=D
>
=BAABA=T
!
=BAAAB=T
Y
J 6 Q U
q
 c #MLdg
Y
F
!lkd<
b
!umpoRqV>
8
!

J4N 6 QU
q
 c # 8
J
e.J § (
=ª
dgf.psj2za
jhip]kQ©sakj2khlam
¦qp=yahlphl]_aaMf=hijlps{¤¯Cps_fz6px¥¸hl]_a+ypn_jlm
aﬀ
5
u=hi]_a=tkxf=hlo­h¤
o
p
o
y]_pn_¦}z
¯Caksym4¦vpnyiaksyCpnylyov¯_¦vahlp"b
!
³uxBa+m
ps`[a+¯tksmﬀovfya~m3hiovpsf9psf]_p¬ hipmMkx¦}m4_¦}khla²ksf a
Ãm
oqaMf=hyia4h
ps¥#
!
©Qks¦qtaMy¥¨psjk»wnoq©na
fypn_jlm
a+Cz{¥³
\]_aa
f=hijlps{¤ps¥Chl]_ayips_j2m4a 
5
ovf=hijlp{z_tm4a~z»ovf6yiaMm3hloqpnf6²ovy e6 dnA O # _³)\]_atksjhlo­hloqpnfb wsov©saMf
ovf \)kx¯t¦qa$(¦vaMknz_yhip[kxf.`z¦@ps¥[
5
ps¥
J
e6 dVA O "_ ³d\pxhia²hl]tkhkxf5ﬃŁ®@`kxf.aMftm4pzaMjpx¥"hl]_a²yipstjlm
a
¬pst¦vz[]tkQ©naŁ¦vaMz[hlp»kxf`z¦Ca=tks¦thlptdVA  M-w_³ﬁ\]_am2]_pnovm
aŁpx¥ LksyI¬a
¦v¦@ksyIps¥¸hi]_atkxjihioqhiovpsfb]tknyksf
ov`[tksm4h²pnfhi]ta[m
pzoqftw.j2khian³ ﬁ_pnja
¾ks`[_¦qanuC¥¨psjhL 6POtu@hi]_aKtkxjihioqhiovpsfºoqf=hlp m4¦}ksylyiaMypx¥jlaMyia~m3hloq©na
mMkxj2zovftkx¦vo­hloqa~y 8p<=T">@=T ﬀ@=D ﬁRJ 6 8(_  S="d!"S="dQO,=dRJ«_jipzm4aMyksf`[z_¦"a=tks¦@hipfdVA OO-_³
R

ÉSÅ
~
Æ 
¢_UT
 wS=  iLQV X0ytm2] hi]khJe*g e +
T
dgf[pshi]_aMjI¬pnjlzty
uhl]_a`z¦tps¥ﬁ5 mMkxf[¯Ca`[knzakny«m4¦vpnyiaŁksyﬁjla=_ovjia~zhlp+hi]_aaMf=hijlps{¤sux¯{¤»oqftm
jia~ksyioqftw
hl]_a¦va
f_wshi]fLps¥hl]_am4pzaM¬pnjlz_yM³«\]_a+_jlp=ps¥,o}y_jlp©{ovza~z6ovfŁ_Ca
ftz_o­¾³
Û¨á)Ü"ÛêÞ
  	
 (~b
 
  4	,¿	"!t#%$ﬃ.!,	ﬂ4 # ﬃ 3!,&3$456  
\]ta+m
ps`[_¦va4¾oqh¤6px¥)hi]_atjiaM©=ovpsyks¦qwnpsjlo­hl]_`uoqfztm4a~z`[ksoqft¦q¤6¯{¤.hi]_aIm4¦vovza~kxfza~m4ps`[Cpnyio­hloqpnf
ps¥hl]_aws¦vps¯kx¦©kxjlovks¯_¦vaEﬁuxo}y .*8S15
>
J3³ﬁdgf[psj2za
j)hlpjia~ztm4ahl]_aŁm4pn`[_hlkxhiovpsftks¦_m4p=yh~us¬aovf=hijlpztm4a
ovfhl]_ovyyiaMm4hiovpsf.k»m4¦}ksylyIpx¥)m4psfyhljlksoqf_a~zkxftz¥½ksyhrgm4ps`[__hlkx¯t¦qa`_¦qhiov_¦va4¾aMz m4pzaMyM³ﬁ\]=y
u=hi]ta_jla4r
¥¨pnji`kxhhia~z¦qp¬a
j_jlovpsjlo­h¤ ¯_o­h2yhljia~kx` ovyf_pxhyia
aMfUksyhl]_ajla
_jlaMyia
f=hlkxhiovpsfpx¥«k_f_o=_a©kxjlo}kx¯_¦vaIE)u
¯thŁksykKyaﬃnta
ftm
a²ps¥ %a
¦va
`[a
f=h2kxjl¤K©ksjio}kx¯_¦vaMy?'3³)faM¦qaM`[a
f=hlksji¤©kxjlo}kx¯_¦vao}yza
Àtf_aMzksykK©kxjlovks¯_¦va
¬]tovm2] hlkﬀsaMyoqhlyŁ©Qks¦qta²ovfk[ya
hŁpx¥)yi`kx¦v¦"zov`KaMftyioqpnf"¶«o­hŁo}yk=rµ©kx¦v_aMz ©kxjlovks¯_¦qanu.¯Ca
ovf_wyi`[ks¦q¦O³
' QS 	XO!U WX ^ Y uWY ^ \t\OU?W	!W%	X	
\]ta"!¨rµ©kx¦v_aMzT©Qksjio}kx¯t¦qa~y
ud + cI+ M²ukxjla»z_aMm4pn`[p=ya~zUovfnhlpkyia4h+px¥a
¦va
`[a
f=hlksji¤©kxjlo}kx¯_¦vaMy+ksy
¥¨pn¦q¦vp¬ŁyM¶
!ﬁ6

p

Tkd<
p 

§ (9sª
¬]ta
jla

+kxjla+_jloq`[a²¥½ksm4hipsj2yMu{¥¨psja4¾_ks`Kt¦qa

<-6 _	=

> 6 ﬂ,=

ﬀ 6 	=

ﬁﬀ6 %	=

6 ddV=BAABA{\]ta+hia
jl`



pŁz_a
f_pshiaMyhi]ta»]_ovws]taMyh_jloq`[a»¥½ksm4hipsjoqfThi]_a[za~m4ps`[Cpnyio­hloqpnfUpx¥K"!³+\]_a»hiaMji`#!kj Kyhlksftz_y¥¨psj
hl]_aCp¬a
jŁps¥«hi]_a»_jiov`[a¥½ksm4hipnj

 ovfhi]_aKzaMm
ps`[Cpnyio­hloqpnfpx¥K!³ŁdgfUpnjlzaMjhip _jlp{m
a
a~z ¬oqhi]Thi]_a
a
¾tkxftyiovpsfTps¥Ihi]ta*"!¨rµ©kx¦v_aMzT©kxjlovks¯_¦qa~y
u@hl]_a[jia~m4_j2yioq©naItm
¦qo}za~kxf¼zaMm
ps`[p=yoqhiovpsf§½m4¥³» =f"³§½bnª
ksftz¿§?(Qªª+ps¥-"!¯{¤Uhl]_a.yia=_a
fm4apx¥oqhly_jiov`[a[¥½ksm4hipsjf8(_	=BAABAC=_
  ﬀ

pﬁ 
=AABAC=



p%=BAAAB=



p
  ﬀ

pﬁ ﬂ
p
J+o}ym
ps`[_hlaMz¸³
\]tovya
¾{kxftyioqpnf ps¥#"!¨rµ©kx¦v_aMz ©kxjlovks¯_¦qa~ym
kxf¯CajiaM_jia~yaMf=hiaMzksyM¶

!
rµ©Qks¦qtaMz ©Qksjio}kx¯t¦qaﬃ
 !
!
!
!
"
!
!
!
!#
#!kj <¯_ovftksji¤6©ksjio}kx¯_¦vaMy
#!kj >bxrO©kx¦v_a~z.©kxjlo}kx¯_¦vaMy
³
³
³
#!kj


p



pOrµ©kx¦v_aMz ©kxjlovks¯_¦vaMy
§ (#2nª
\pxhlahl]tkh~u=oq¥#"!o}yk_jlov`Ka¥½ksm4hipnjMunhi]_a²_jla
©{ovpstyzaMm
ps`[Cpnyio­hloqpnf6ovyo}za
f=hlo­h¤nu{ksftzhl]_a+kx¦vwspsjloqhi]_`
]ksyhiptjipm4aMaMzknyovfyiaMm4hiovpsfbt³ _³dgfpnjlz_a
j"hlp¦voq`[oqh,hl]_aa
ftm
p{z_oqf_w²m4pn`Kt¦qa
¾{oqh¤suQhl]_akxjihioqhiovpsf_ovf_wps¥
hl]_ayia4h"ps¥!L3rO¯_oqhly"À_¾aMz²¦va
f_wshi]m4pza~y¸`yh¯Cayitm2]²hi]tkxh"hi]taya
hI8p"!}JD<F! FY¬oq¦v¦sftpxhjlaMyi_¦qh"oqf_jlov`Ka
z_aMm4pn`[p=yoqhiovpsftyﬁovf=hip²¥½ksm4hipnjlyﬁwnjia~khiaMj)hi]tksf[k+wnoq©na
fK_jloq`[a©kx¦v_a



un]_a
ftm
a !ﬁ6
)


Tk#<

pﬁ 

³ ﬁ_psj
a
¾_kx`[_¦vasu@¥¨psjhL6 Mkxftz



6  u¸a~ksm2]Uovf=hia
wna
j!`yh¯Ca[m2]tpnyia
fUovfThl]_aK¥¨ps¦v¦qp¬ovf_wya
hM¶@(nuu
btu_tu
9uC2_u -_uttu (Mtu (~_u (9u (2_³\]taMyiaksz_zoqhiovpsfkx¦"m4pnftyhij2kxovfnh2ypsfhi]tatkxjihioqhiovpsf bº¬ov¦v¦"oqfztm4ak
¦vpnylyoqfksm
m
_j2ksm4¤[ps¥"hi]_a+kxt_jipQ¾ov`khiovpsfps¥"hi]ta@z{¥,ps¥"hi]ta 
5
ypn_j2m4ajlaMyi_¦qhiovf_wovfk]_ovws]_aMj`z¦O³
' Q  	X	^ U W	uX \W&^V]	 \ U$W% U$W7 -ZW	 !U?^ Jﬀ WX%$'&)( J ]ﬀ* ^ZJU$W	JZ]^ 
pnftyiaMm4_hiov©sa[yaMws`[a
f=hly+ps¥hl]_a¦qp¬9_jiovpsjloqh¤¯_o­h2yhljia~kx` ksjiayia
aMfBkny²hi]_a[¯_ovftkxjl¤Ujla
_jlaMyia
f=h2khiovpsfy
ps¥Łoqf=hla
wsaMjlyhipº¯aza~m4ps`[CpnyiaMz¼hl]_o}yhloq`[aoqf=hlpºkTyia4h[px¥+*-,
j <
¯_oqfkxjl¤su.*-,
j >
ﬂxrO©kx¦v_a~z¸u^AAAvu/*-,
j 
Ü,Ü å)ACBD6E6E
(M  @	
0  	6 6ﬂ 7  /+)

F G D C H A ﬀ
ﬁ
 
# > # > #J #-I #J #J # > # >

A A C H C C A A
 

 > F F G @ G G F F  >
 

 I F F @ @ @ @ F F I 	
 

 J
@ @ @ F @ @ @ @ J 

\)kx¯_¦vab_¶kx¦}m4_¦}khloqpnf ps¥,hl]_af{_`¯Ca
jps¥)kQ©kxov¦}kx¯_¦va

 rO©kx¦v_a~z.©kxjlo}kx¯_¦vaMyM³
-365RF -365)G -365	D D2-*2 13 -4yF D""*"13"4 G
@ @ @ @ @
@ @ F @ F
@ F @ @ G
@ F F F @
F @ @ F F
F @ F F G
F F @ G @
F F F G F
G G
\,ks¯_¦va²¶ﬁ«¾_kx`[_¦vapx¥)hij2kxfty¥¨psjl`khiovpsf §
	
,
6ﬂnª4³

rµ©kx¦v_aMz¸u?ABAAvu *
,
j





rµ©kx¦v_aMz ©kxjlovks¯_¦vaMyM³ﬁ\]tovyyiaMm4hiovpsfoqf=hijlpztm
aMyhij2kxfty¥¨psjl`khloqpnftyIhl]tkhmMkxf¯a
ya~z6¥¨pnjhi]_o}yŁm4pnf{©sa
j2yioqpnf"³
±a4h ¯ak»hljlksfty¥¨pnji`kxhiovpsfhl]tkhh2k ﬀsa~y
	
,¯_oqhlykxftz _jlp{z_tm4a~ykKyia4hps¥


rµ©kx¦v_aMz ©kxjlovks¯_¦qa~y
³
±a4h *-,
j 
u d +

+@ut¯a²hi]taf=t`¯Ca
jpx¥


rµ©Qks¦qtaMz ©Qksjio}kx¯t¦qa~y_jipzm4aMz ¯{¤.k»hij2kxfty¥¨psjl`khloqpnf6³
\]taf=t`¯Ca
jpx¥ﬁCpnylyov¯_¦va©Qks¦qtaMyhi]khm
ksf¯a+h2k ﬀsaMf ¯{¤.hi]_ayia4hŁps¥


rµ©kx¦v_aMz ©kxjlovks¯_¦vaMyjlaMyi_¦­hloqftw
¥¨jlps`hi]_a+hljlksfty¥¨pnji`kxhiovpsf ks__¦voqa~z.pnf
	
,¿¯_oqhlyps¥hi]ta¯_o­h2yhljia~kx`
z
ovywnoq©na
f¯=¤
& , 6



Tkd<

ﬁﬀ
 

A § (Qxª
\]tovyI& ,IrO©ks¦q_a~z©kxjlovks¯_¦vakx¦v¦qp¬ŁyŁhip.hi]_aMpsjla4hio}m
ks¦q¦v¤yhlpsjla
mpoRqV>
8S& ,IJ¯_o­h2y
³ \Łpshiahi]tkxh & , `kQ¤¯a
]toqwn]_a
jhl]tkxf _ﬃﬂ
ﬀ
³I\]_a
jla4¥¨pnjianu=hi]_aMjiao}ykxfp©saMji]_a~ksz.aMj¯_o­hŁwnoq©na
f¯{¤
o
,
6
m}oRqV>
8S& ,IJ
	
,
g d § (#-nª
ﬁtpsjKa4¾_kx`[_¦vasuﬁhl]_a hij2kxfty¥¨psjl`khiovpsf,<

y]_p¬f£ovf·h2kx¯_¦va.¼kxt_¦qovaMz·psf ﬂT¯_o­h2yK_jipzm4aMyh¬p ﬂr
©ks¦q_a~z©Qksjio}kx¯t¦qa~y
u¦vaMknzoqftw»hlp.kKf{_`¯Ca
jŁps¥ﬁyhlkxhia~yoqfm4jlaMksyiaMz.¥¨jlps`  Khlp "_³].fhl]_aza~m4pza
jŁyio}zasu
hl]_aKa4¾{hij2k6yhlkhlaKmMkxfUftpxh¯CaKps¯tyia
jl©sa~zo­¥Ihl]_a»hij2kxftyi`[ovylyovpsfo}ya
jljipnjŁ¥¨jla
asu¸ksftzUm
ksfUhl]=y¯Ca»ya~z
¥¨pnja
jljipnjz_a4hia~m3hloqpnf"³
Û¨á)Ü"ÛêÞ
  	
 (.9
 
3 ; 513  	 
	" > 
	" I 
	" J  	
 
F F @ @ @B @2@"@2@
 
>
F*H @
ﬁ
F @B @2@"@F
 
I G F @ D ﬀ @B @2@"@"C
 
J F  @ F*G @ @B @2@F*@
 
K G"H @ ﬀ A @B @2@F2F
 
G C @ G  @B @2@2G
ﬁ
 
FC @ D C @B @2@"D2@
 
F
ﬁ
@ ﬀ D @B @2@"D"C
 
Gﬀ @ F F"F @B @2@Cﬀ
 
F ﬀ @ G A @B @2@"A2@
 
>

D"@ @ @ FD @B @2@"AEG
 
>> G@ @ F
ﬁ
@B @2@
ﬁ
@
 
> I
F"F @ ﬀ @ @B @2@
ﬁ
A
 
> J
GD @ @ F@ @B @2@EH
 
>/K A @ F G @B @2D
ﬁ
F
 
>

D @ G @ @B @EHA2A
 
>

G @ @ F @B4F*AF*@
 



 
>

F @ F @ @B H
ﬁ
H"@
\)kx¯_¦va@9¶«\,jlksfty¥¨pnji`kxhiovpsftytyiaMz ¥¨psj



6  
\pxhia+hl]tkhŁoqhŁo}yf_pxhŁtyia4¥¨t¦¸hip6m2]_p{p=yahij2kxfty¥¨psjl`khloqpnfty¬oqhi] *
,
j <  w_u_yioqftm
a²hi]_aM¤6hij2kxfy¥¨pnji`
¯toqftksji¤¼©kxjlo}kx¯_¦vaMyoqf=hipº¯_ovftkxjl¤¼©Qksjio}kx¯t¦qa~y
³ \Łpshia ks¦vyipUhl]tkhKhi]ta.hljlksfty¥¨pnji`kxhiovpsftykny¬a
¦v¦ksyhi]_a
kxj2kx`[a4hla
j [m
ksf»¯Cam2]_p=yaMfKyitm2]Khi]tkxh&
,
+ _
ﬀD>
ushipkQ©spnovzKkxjloqhi]_`[a4hlovmpnaMjlkxhiovpsfty)pnfK]toqwn]K©ks¦q_a
ovf=hiaMwsa
j2yM³
\)kx¯_¦va 9UaMf{_`[a
j2khia~y»hi]_ahij2kxfy¥¨pnji`khloqpnftyya~z·¥¨pnj



6  ³Âdµ¥



6 ﬂ_upsf_¦v¤¼hi]_ahljlksftyr
¥¨pnji`kxhiovpsftyhl]tkhTzp ftpxhUtyia  Qrµ©kx¦v_aMzÁ©kxjlovks¯_¦qa~ykxjla¼©Qks¦qo}z¸¶ 
l
= 
ﬀ
= 
<X>
=ﬁ
<

= 
<
³ \]_a
¤0kxjla
yipsjihia~z ¯{¤ ovftm
jia~ksyioqf_w¦vpnyly ovfm4pn`Ktjia~yiyioqpnf a
Ãm
oqaMftm4¤n³ Ł`[psf_w ks¦q¦hl]_a£Cpnylyov¯_¦va¼yia4h2y , 6
8 *-,
j <
= *-,
j >
=BAAAB= *-,
j 
=ABAAC= *-,
j


Ja4¾_¦vpsjlaMz[tftza
j_jla
©{ovpstym4pnftyhljlksoqf=h2y
unpsf_¦v¤Khi]_p=ya¥¨psj¬]_ovm2].hi]_a
hljlksfty¥¨psjl`[kxhiovpsftyŁoqf=hijlpztm
a»kxfTp©sa
jl]_a~ksz¦qp¬a
jŁhi]tksf (ﬁﬀ ksjia ﬀna
h~³dgftm
jia~ksyioqftw



jlaMzm4aMyhi]tovy
p©na
jl]_aMknz¸³
' Q(P ﬂ \O!W>ﬀ$] -^ -\ UXQ 	Uﬀ$?W%	XO
±a4hIkxw=kxovfyﬁﬃ²¯ahi]tajlaMks¦qov¹Mkxhiovpsfps¥Ck²ypn_j2m4a^
5
`kx_CaMz»ovfnhlpkyia=_aMftm4apx¥i#
E
rµ©kx¦v_aMz©kxjlovks¯_¦qa~y
³
ksm2]'#
E
rO©ks¦q_a~z[©kxjlovks¯_¦qaovyzaMm
ps`[p=ya~z[oqf=hlpkyia4hps¥


rO©ks¦q_a~z[©kxjlovks¯_¦qa~y
unaMknm2]Kpnf_aŁ¯Ca
ovf_wya~z
*-,
j 
hloq`[aMyM³Â±a4h
 
¯ahl]_a.hlpxh2kx¦f{_`¯Ca
j[ps¥


rµ©Qks¦qtaMz·©ksjio}kx¯_¦vaMy»ovf=©nps¦v©sa~z£oqfYhi]_aa
¾{kxftyioqpnf
ps¥hl]_aa
f=hiovjla6yaﬃnta
ftm
aKps¥#?EOrµ©Qks¦qtaMzB©kxjlovks¯_¦qa~y
³[\]_aaMftm4pzovf_w_jlp{m
a
a~z_y+¬o­hl]£k tjipsaMm3hloqpnfºps¥
yia
wn`[a
f=hlypx¥,hi]_a¦vp¬ _jlovpsjlo­h¤¯_oqhlyhijlaMks`ovfnhlpKhi]_ayia4hŁpx¥

3rO©ks¦q_a~z.©ksjio}kx¯_¦vaMyjlaMyi_¦qhiovf_wK¥¨jipn`hi]_a
a
¾tkxftyiovpsf6ps¥hi]taI#?EOrµ©kx¦v_aMz.©Qksjio}kx¯t¦qa~yknyiyipm4o}khia~z[hipKhl]_a+jia~kx¦voq¹~khiovpsf y
ﬃ
px¥,hi]_ayia=_aMftm4a²px¥]toqwn]
tjiovpsjlo­h¤6yi¤{`¯Cps¦}y
³±"a4h
q
,

¯Ca+hi]_af=t`¯Ca
jpx¥)hij2kxfy¥¨pnji`khloqpnfty W=! "6 wS=BAAA! 
#"%$
ftaMm4a~yiylkxjl¤[hip
m
psf{©saMjhhi]_a[¦vp¬ _jloqpnjioqh¤¯_oqhlyhijlaMks` oqf=hiphl]_a

4rO©ks¦q_a~zU©kxjlo}kx¯_¦vaMyM³\]_aMjiakxjla»yia
©na
j2kx¦)p=yiyiov¯_¦qa
Ü,Ü å)ACBD6E6E
(2  @	
0  	6 6ﬂ 7  /+)
   É     ]_pso}m4a+ps¥hi]ta+hij2kxfty¥¨psjl`khiovpsfyhlp[¯atyiaMz
 6 w
È    Å ﬂ 	  8 # J  w
Ê ÉM¬]_ov¦va+yips`[a

 rµ©kx¦v_aMz ©kxjlovks¯_¦qa~ykxjlaftpxhm4pn`[_hia~z.¤na4h!

q ,

6

mpoo U	8  c # 8

ﬁﬀ

 
Jkx¦}m4t¦vkxhiovpsf.ps¥)]tp¬ `kxf{¤hij2kxfy¥¨pnji`khloqpnfty   m
ksf ¯CatyiaMz 

 É  _ ¯a
h¬aMa
f dkxftz  Ê É ﬃŁ@z_kxhia²hi]_af{_`»¯aMjŁpx¥

 rµ©Qksjio}kx¯t¦qa~yhlp[¯a+hljlksfty¥¨pnji`[a~z 

# 6 # g q ,

*-,

j 
 6  [ d ~\,ji¤.f_a4¾{hhij2kxfy¥¨pnji`khloqpnf 

Å Ê É 
Å  Ê È    Å
yia4h2y 6 8 q
, dAAA q
,

=ABAA q
,

 
J4³\]_apnhiov`t` yia4hpx¥«hij2kxfy¥¨pnji`khloqpnftyo}yhl]_apnf_a¬]_o}m2]U¬ov¦q¦
`[ovf_ov`Kov¹
a+hl]_a+hipshlks¦¸p©sa
jl]_a~ksz¸u=wsov©saMf ¯{¤
.h6
ﬀ
F
%k[l
q ,

	 ,

o ,

§ (Mnª
\]ta+m2]tpso}m4a+px¥Uo}ykxfpshloq`[ov¹Mkhloqpnf tjipn¯_¦qaM`³ "+ftp¬oqf_w»hi]ta+hij2kxfty¥¨psjl`khiovpsf ya
h8
	 Jl    ﬀ !
ksftz 6a8

<[AAA

 ABAA



J4uhi]_apnhiov`kx¦"©naMm4hipsjTovya~yhloq`khlaMz¯{¤hi]takx¦vwspsjloqhi]_`³
' Q'  XZY  ZWX ) \ZURY ^ * U?^
yiyi_`[ovf_whi]tkxhhi]ta6¦qp¬ _jloqpnjioqh¤Tyips_j2m4a ﬂRrÂ]tksy¯Ca
aMf£_jla4rµa
ftm
p{z_aMzºtyovf_wa
Ãm
oqaMf=h°±ﬁy
u,hi]_a
aMftm4pzovf_w[px¥,hi]_a+h¬pyaﬃ=_a
ftm
aMy ﬂ
5
kxfz ﬂRrTtyovf_wK¥½ksyhŁ`t¦­hloq_¦va4¾a~zm
pzaMy_jlpm4aMaMz_yksy¥¨pn¦q¦vp¬ŁyM¶
(s³ ﬁ_pnj+k wsov©saMfT`k¾ov`_` ©ks¦q_a



u@hi]_a[tksjhlo­hloqpnf"u¸]_a
fm4aKhi]_ayia4h+px¥tkxj2kx`[a4hla
j2y8}
!
J3u c 6
dV=BAAA=DM²uﬁovym
kx¦}m4t¦vkxhiaMz¼knm
m4pnjlz_oqf_whlphi]_a.m
jioqhiaMjio}k£§?(M=ª4u_ftz_a
jhl]_a.m
psftyhij2kxovf=h§ (9nª3³!ﬁ_psj
hi]_o}y_tjiCpnyiasu{hl]_a]_a
tjio}yhlovm+ks¦qwnpsjlo­hl]_`ﬀza~yim
jiov¯a~z.ovfya~m3hloqpnf!9Km
ksf ¯CatyiaMz¸³
³ ﬁ_pnja~ksm2]U_jlov`KaKovfnhla
wna
j

xu d'+

+ @u@hl]_aKf=t`¯Ca
j

[px¥

4rµ©kx¦v_aMz©ksjio}kx¯_¦vaMyjlaMyi_¦­hloqftw
¥¨jipn` hl]_aa
¾tkxftyiovpsf+px¥{hi]tayaﬃ=_a
ftm
aIpx¥#?EOrµ©Qks¦qtaMz+©kxjlovks¯_¦vaMy"knyiyipm4o}khia~zŁhlpQﬂR5·o}y,mMkx¦}m4_¦}khlaMz¸³
b_³psftyiaMm
hiov©sa+yia
ws`[aMfnh2yps¥"hi]ta²¦vp¬ _jlovpsjlo­h¤[¯_oqhlyhijlaMks`
z
ksjiahij2kxfty¥¨psjl`[aMz.oqf=hip[kKyaﬃnta
ftm
a
px¥

4rµ©kx¦v_aMzU©Qksjio}kx¯t¦qa~y
³\]ta»f{_`»¯aMj
q
,

ps¥Ihij2kxfty¥¨psjl`khloqpnfty Kf_a
a~zaMzhip.Ca
ji¥¨psjl` hi]_a
m4pnf=©na
j2yovpsf ovywnoq©na
f¯{¤hi]_atjipm4a~z_jla²z_aMylm4jloq¯CaMzovf³ bt³
t³\]_aIhljlksfty¥¨psjl`[kxhiovpsfty kxjlakxt_¦qovaMz+pnfm4pnftya~m4hloq©naIyaMws`[a
f=h2y¸px¥
	
,

¯_o­h2yps¥{hi]_aI¯to­h2yhljia~kx`
z
ut¦qa~kszovf_wKhipKhi]tawsa
fta
j2khiovpsf px¥«yaﬃ=_a
ftm
aMyps¥

4rµ©kx¦v_aMz ©kxjlovks¯_¦qa~y
³
9³\]_a©kx¦v_a CEh2k ﬀna
fB¯=¤Uhi]_a,#?EOrO©ks¦q_a~zT©ksjio}kx¯_¦va[ksylypm4o}khlaMzUhiphi]_ayi¤{`¯Cps¦«jlaMkx¦vov¹MkhloqpnfﬂBE
kxftzYhipºhi]tajlaMks¦qov¹Mkxhiovpsf·ps¥hl]_a¦qp¬_jlovpsjlo­h¤£¯_oqhlyhijlaMks`
z
ovy[pn¯hlksoqf_a~z·¯{¤¼hi]taaMtm4¦vo}zaMksf
`_¦qhiov_¦vovmMkhloqpnfps¥hl]_a

4rµ©Qks¦qtaMz ©Qksjio}kx¯t¦qa~ymMkx¦}m4_¦}khlaMz oqfhl]_a_jla
©{oqpntyyhia
³
2_³\]_a[jia~yt¦­hloqf_wtksoqjﬂ8 ﬂE%=	CE J_jip©{o}zaMy²aMfnhljiovaMy²ovfThl]_a[`_¦qhiov_¦va4¾aMz¼m
p{z_aMyhlks¯_¦qanu"¦vaMksz_oqf_w hip
hi]_ayia
¦vaMm4hiovpsfpx¥)hi]_a`»_¦qhiov_¦qa
¾aMzm4pza~yhip[¯a+hljlksftyi`KoqhhlaMz¸³
Û¨á)Ü"ÛêÞ
  	
 (

F G D C H A ﬀ
ﬁ
 
# > # > #J #I #J #J # > # >
-34;  ﬁ2 13 -4 F @ F*@ F*@ F2F @ @
 
""*"13"4 @ F G @

""*"13"4 F
=

F G G F G D C @


@2@"@F @"@F*@ F2F*@F @F"F2F F"F*@F F2F2F@ @F@2@ @"@2@"@
\,ks¯_¦va2t¶psftyhijltm3hloqpnf ps¥hl]_ayaﬃ=_a
ftm
a+px¥ﬁ`_¦qhiov_¦va4¾aMzm4pzaM¬pnjlzty
³
\]_azaMm
p{z_oqf_wkx¦vwspsjloqhi]_` o}y"`knza«oqfhi]_aIjla
©na
j2yaﬁpnjlzaMjM³"ykm
psftyia=_aMftm4anuMoqho}y"f_pshf_aMm
aMylyiksji¤
hlp.jlaMm
a
ov©sahl]_aK¬]_ps¦va»yia=_aMftm4a»px¥m
p{z_a
¬psj2z_yhlpza~m4pzahi]_aKoqf_¥¨psjl`[kxhiovpsfUps¥]_ovws]Utjiovpsjlo­h¤syR¶
oqhovyz_oqjlaMm4hi¦v¤6jia~ksz.oqf hi]_a`»_¦qhiov_¦qa
¾aMzm4pzaMyh2kx¯_¦vaMyM³«psjla
p©na
j~unj2kxfzps`knm
m4a~yiyo}ykx¦}ypKp=yiyiov¯_¦qa
¥¨pnjhi]_a ﬃp¬ y  ³
' Q *ﬁﬀ \Z]1^
±a4hym4pnftyiovzaMj+hi]_ayaﬃ=_a
ftm
apx¥  ]_ovws]£_jlovpsjlo­h¤Tyi¤{`¯Cps¦}ywnoq©na
f¼oqf·\)kx¯t¦qa6btu,¬oqhi]£hl]_a.m
psjljia
r
yiCpsftzovf_w¼`kx_toqf_w¼ovf=hipBhi]_aUyia=_aMftm4aps¥Q#?Eµrµ©Qks¦qtaMzÂ©Qksjio}kx¯t¦qa~yKknm
m
psj2zoqftwUhip¼hl]_a`t¦­hloq_¦va4¾a~z
m
pzaMywnoq©na
fovfU\,ks¯_¦qa+(n³\]tayaﬃ=_a
ftm
apx¥J#?EµrO©ks¦q_a~z©Qksjio}kx¯t¦qa~yovyzaMm
ps`[p=ya~zoqf=hip6k.yaﬃnta
ftm
a
ps¥

<¯_oqfkxjl¤su

> ﬂrµ©kx¦v_aMz¸u"ksftz

ﬀ  rO©kx¦v_a~zU©kxjlovks¯_¦vaMy²¬o­hl]ºjlaMyiCaMm3hloq©na»Cp¬a
j2y dEﬂj <Qu ﬁEﬂj >sukxfz
dEﬂj ﬀ§½m4¥³ﬁhlks¯_¦qab=ª3³
dgfkyiaMm4pnftz6yhiaM"u{psf_aŁ]ksyhip[m4psf{©na
jih«hi]_a²¦qp¬ tjiovpsjlo­h¤K¯_oqhlyhijlaMks` ovf=hiphi]_a²¯_ovftkxjl¤su ﬂrµ©kx¦v_aMz¸u
ksftz  rO©kx¦v_a~z©kxjlovks¯_¦qa~y
³)dµhkx_CaMksjlyIhi]tkxhhl]_ahljlksfty¥¨psjl`[kxhiovpsfty  lsu ,<

ksftz,<ﬀﬃ]kQ©saŁhlp¯Caya~z
§WyaMaŁya~m3hloqpnfK³ b=ªud"whiov`[aMyMu _hloq`[aMykxftz dhiov`[asunjia~yCaMm4hiov©sa
¦v¤s³ﬁ\]{tyMu$d! ²¯_oqhlym
kxf[¯CaŁ`t¦­hloq_¦va4¾a~z
¬oqhi]6hi]_ajia~kx¦voq¹~khiovpsf/y

ps¥ﬁ

un¦vaMknzoqftwhipKk`z¦ps¥ dVA %  ²¯_oqhlyCa
jy¤{`¯Cps¦O³ﬁ\]_aŁhljlksfty¥¨pnji`kxhiovpsf

l
¯aMoqftw6ovz_a
f=hioqh¤suhi]_aÀtjlyh9d2w[¯_o­h2yps¥ﬁhi]_a»¯_o­h2yhljia~kx`
z
ksjia`»_¦­hloqt¦qa
¾{a~z_ftm2]tksf_wsa~z¸³ ﬁ_pnjaMknm2]
hljlksfty¥¨psjl`[kxhiovpsf  u_hl]_a
	
, ovf__h¯to­h2ykxjlayia
a
fUknyhi]ta¯_ovftkxjl¤.jla
_jlaMyia
f=h2khiovpsfpx¥Iksfovf=hiaMwsa
jO(),
kny
 dgf__hŁ¯_oqhly (
,
 8 ﬂxrO©kx¦v_a~z.©kxjlo}kx¯_¦vaMyMu  Qrµ©kx¦v_aMz ©kxjlovks¯_¦qa~yXJ
,<

ww?d  d  8(w?dV= J

<


dd"w  O  87_wS= J

<ﬃ

w$d  d  8 = d'J
ksftz¦qa~kszovf_w¼hlp£hi]_aºyaﬃnta
ftm
aMy d2w?d"w$d"w$dd"wwpx¥¯_ovftkxjl¤Y©ksjio}kx¯_¦vaMyMuiw?d2_wBpx¥ﬂrµ©Qks¦qtaMz¿kxftz dps¥
 rO©ks¦q_a~zU©kxjlo}kx¯_¦vaMyM³\]_a[©kx¦v_a 
E
h2k ﬀsaMfº¯{¤hl]_a,#
E
rµ©kx¦v_aMzº©kxjlovks¯_¦va»ksylyip{m
ovkxhia~zhip hi]ta[yi¤{`¯Cps¦
jlaMks¦qov¹Mkxhiovpsf ﬂ
E
kxfz¿hipÂhi]_aBjlaMkx¦vov¹Mkhloqpnf px¥hl]_aº¦vp¬ _jloqpnjioqh¤¯_o­h2yhljia~kx`
z
ovypn¯hlksoqf_a~z ¯{¤¿hi]_a
tjipsaMm3hloqpnfpx¥«hi]ta»yia
ws`[aMfnh2yŁps¥ 
!/j 
¯_oqhlypx¥ﬁhi]_aKyaﬃ=_a
ftm
aMypx¥I¯_ovftkxjl¤¼§

6 dQª3u ﬂrµ©kx¦v_aMz£§

6e_sª
ksftz  rO©ks¦q_a~zY§

6 ﬂ=ª©Qksjio}kx¯t¦qa~ypnfThl]_a[¯tksyiovy¥¨pnji`[aMzº¯{¤hi]_ayia4hpx¥


rO©ks¦q_a~zT©ksjio}kx¯_¦vaMyM³\]_a
jlaMyi_¦qhiovf_w6tksoqj*8ﬂBE%=EXJ_jlp©{ovz_aMyŁaMf=hijloqa~yovfhi]ta»`»_¦­hloqt¦qa
¾{a~zTm
p{z_aMyh2kx¯_¦va§½yia
a»\)kx¯t¦qa (~ª3u@¦vaMknzoqftw
hlpKhi]_ayia
¦vaMm4hiovpsfpx¥ﬁ`_¦qhiov_¦va4¾aMzm4pza~yRLEwnoq©na
f oqf\)kx¯_¦va 2_³
Ü,Ü å)ACBD6E6E
(-  @	
0  	6 6ﬂ 7  /+)
  1
)ﬂ	ﬂ&44&3! &4¸!ﬁ&3ﬂﬃ6!)&4 ﬃ !,&4 	$$ ﬁ56&
# 	+!)&4
y6kx¦vjlaMksz_¤·`[a
f=hiovpsf_a~z¿kx¯Cp©sasuhi]ta`[z_¦ Je¿ps¥²hl]_aUyips_j2m4aj 5 o}y[¥¨_ftm4hiovpsf px¥²hi]taTyov¹
a~y/ ! ps¥
hl]_aTaﬃ=_oq©ks¦qaMftm4aTm
¦vknyiyiaMytb ! =cs6 dKAAADM²³9\]_o}y yiaMm4hiovpsf za~yim
jiov¯a~y.ksf kx¦vwspnjioqhi]_` hi]tkxhksoq`%hip
ks__jlpQ¾oq`khlasu_ftzaMj.m4pnftyhljlksoqf=h2y
uhi]_a@z{¥ps¥hl]_aUypn_j2m4aj 5 ³Á\]taU_jlps¯tks¯_oq¦voqh¤Yzo}yhljiov¯_hloqpnf
¥¨tftm3hloqpnfa~yhloq`kxhipsj_ ovyza
Àtf_a~z ¯{¤
_ 6a8
J
bd<'=
J
b>@=ABAAB=
J
b! =BAABA=
J
bYdJK6
<

=
>

=BAABA=
"!

=BAAAB=
Y

§Oxnª
¬]ta
jla i
Y
!+kd<
 ! +  6 _a
³·±"a
h
	96PO l 6 dn= > 6 _S=ABAAC=U=ABAAB=
#"%$
6  Z¯ahl]_ayia4h
ps¥²Cpnylyioq¯_¦vaU©kx¦v_a~yﬂ!³´ ]_oqwn]_a
j.f=t`¯Ca
j6ps¥+©ks¦qo}z¿©kx¦v_aMy[¥¨pnj!¦qa~ksz_y6oqftz_a
aMzhlp·k£¯Ca4hhla
j
ks__jlpQ¾oq`khloqpnfpx¥"hl]_a+Cz¥,px¥hi]_a+ypn_j2m4a ﬁ5»³I\]_atjipn¯tkx¯_ov¦vo­h¤*b!)px¥,kKyi¤=`»¯pn¦CmMkxf_ftpxh¯a+¦vp¬aMj
hl]tkxf
<
o
³\]_akx¦v_]tks¯a
h L ovykxjihioqhiovpsf_a~z.ovf=hipKh¬pyi_¯tyia4h2y L

ksftzfL px¥«yioq¹MaMy M

ksftzMºu
ksftzza4ÀtftaMzjia~yCaMm4hiov©saM¦q¤6¯{¤
Q
!
V L

oq®jb
!

d

kxftz Q
!
VsL

oq®jb
!
g
d

§O(~ª
±a4h_ ¯Ca+hi]ta_jipn¯tkx¯toq¦vo­h¤6z_ovyhijloq¯thiovpsf¥¨_ftm4hiovpsfpx¥«yi¤=`»¯pn¦vy^QU!ﬁV L wnoq©na
f¯{¤

b!d6
b
!
i
"
pﬀﬂﬁ
b!
§Ossª
\]_aks¦qwnpsjlo­hl]_`kxov`[oqftw[kxhhi]_a¯CaMyhŁtksjhlo­hloqpnf ps¥hi]taya
hŁpx¥)m
pza
¬psj2z_y_jlp{m
a
a~z_yksy¥¨pn¦q¦vp¬Ły
¶
(s³ ﬁ_pnjaMksm2] QU!ﬁV L

u.!ﬁo}yŁya
hhip ds³
³\]_a[_jlps¯tks¯_oq¦voqh¤z_a
ftyio­h¤¥¨tftm3hloqpnfﬃ_´ps¥yi¤=`»¯pn¦vy¯Ca
¦vpsf_wnoqf_w hip L o}y+m
ks¦vm
_¦vkxhia~z¸³»{ovftm4a
M

m
p{z_a
¬psj2z_y+]tkQ©sa6ks¦qjlaMknz¤U¯Ca
aMf·k®@aMm3hlaMzBhlpUm4¦}ksylya~ypx¥a=_ov©kx¦va
ftm
aoqf¼hl]_aÀtj2yhKyhla
"u
hi]_aMjiao}y)yhiov¦v¦S g"M

m4pzaM¬pnjlz_y"hip²¯aknyiyioqwnf_aMzhip+m4¦}ksylya~yps¥ta=_ov©kx¦va
ftm
as³,\]taa
¾_jia~yiyiovpsf
§?(M=ªm
ksf.hl]_a
f¯Ca¬jioqhhla
fksy
8}<@=T">=ABAA=D!X=AABA=DYﬁJ 6 Q U
q
 c #
L
mpoRq
>@8}jJ
F
"
p
ﬀ

b!?g
F
"
p
ﬀ
ﬁ
b!
m}oRq
>V8
"!

J
N
§Oxbnª
{ovftm4a[hl]_aÀtj2yhtksjhps¥a
¾{tjia~yiyioqpnf§Oxb=ªo}ykm4pnftyhlkxf=hkxfz "! 6 d[¬]_a
f QU! V L

u,hi]_a
pshloq`[ov¹MkxhiovpsfovyCa
ji¥¨psjl`[aMz.¥¨psjŁyi¤{`¯Cps¦}ypx¥#L psft¦q¤nu_kxftzm
ksf ¯Caa4¾_jlaMylyiaMz.kny
8}!J !ﬀ ﬁ 6 Q U
q
 c #! gji
"
pﬀﬂﬁ
b!
mpoRq
>@8
o p
o
J"
6 Q U
q
 c #$#Vg
i
"
p
ﬀ
ﬁ %
p
&
p('*)
ﬁ
%
p
8
mpoRq
>n8
o p
oZr)Y

J
[ mpoRq
>V8
oZr)Y
o
JTJ,+
6 Q U
q
 c #
#
g i
"
p-ﬀﬂﬁ

b
!umpoRqV>
8
oqp
oZr)Y 
J[g i
"
p-ﬀﬂﬁ

b
!umpoRqV>
8
oZr)Y 
o
J
+
6 Q U
q
 c #
#
g i
"
p-ﬀﬂﬁ

b!-8
m}oRq
>V8
oqp
o rFY

J
+
§O=ª
Û¨á)Ü"ÛêÞ
  	
 (~
y i
"
p ﬀ ﬁ

b!ﬁ6ednuna
¾{tjia~yiyioqpnfU§Wx=ªImMkxf6¯Cayia
aMf.ksyhi]taa4¾_jlaMylyioqpnfpx¥¸hi]ta`z¦C¬]_a
f.hi]_a
oqfza4¾ covy²m4pnftyhljlksoqftaMz hip6¯Ca»yitm2]hl]tkh QW!]VjLT³+psftyia=_aMfnhl¦q¤nuknyiyi_`[oqftwhi]tkxh
o p
oZr)Y 
m
ksf.h2k ﬀsaksf=¤.jia~kx¦¸©kx¦v_asu{hl]_aps_hiov`_` ovywnoq©na
f¯=¤@¶
_ QU!JVLj=
 !
 g M

6

b! §O9sª
dgfhi]_a+¥¨pn¦q¦vp¬oqftwtu{hi]ta²ovftza
¾ cIo}yŁyi__CpnyiaMz.hip¯Cam2]_pnyia
fym2].hl]tkh Q ! V L  ³
b_³ ﬁ_pnj²a~ksm2]jQU!OVLºu!ovy+yia4h²hip hi]_a[]_ovws]taMyh²©kx¦v_aKoqf	 ym2]Uhi]kh! +

b!TAl8} g M

J3³
\]_ajla
`kxovf_ovf_wf{_`»¯aMjIpx¥@m4pzaM¬pnjlz_y,hlp²¯CaŁksylyioqwnf_aMzhip+a=_ov©kx¦va
ftm
am4¦}ksylya~y,o}yﬁhl]_a
f[wsov©saMf
¯{¤ s6  g i
Y
!lkd<
"! g wt³
t³ykm4psfyaﬃnta
ftm
asuŁoqho}yp=yiyiov¯_¦qaºhipÂoqfm4jlaMksyiaºyips`[aº©Qks¦qtaMypx¥" ! ³ ﬁtpsjaMksm2] oqftz_a4¾`c
¯a
h¬aMa
f d.kxftz M²uIo­¥hi]_a ©Qks¦qta  G < o}y»tya~z£ovftyhlaMknz£px¥  {uﬁhi]_a`z¦ JeÂz_aMm4jlaMknya~ypx¥k
p=yoqhiov©sa[©kx¦v_a ! 6 m}oRqV> 8
 

J3³\]_azaMm
jia~ksyioqftw.`z¦Io}y+oqfztm4a~zB¯=¤hl]_a6ksylyioqwnf_`[a
f=h²ps¥
 G < g  kxovjly 8}Q ! =D ! Jﬁhipm
¦vknyiyiaMyﬁps¥@aﬃ=_oq©ks¦qaMftm4aŁksftz¸u=oqf6kQ©na
j2kxwsaaMjm
p{z_a
¬psj2z¸uxo}yIwsov©saMf
¯{¤ E
!
6 
p

 
r

³U\]_aMyia6tksoqj2yksjia[hl]_a
fÂypnjhlaMzB¯{¤Bza~m4jlaMknyovf_w©kx¦v_aMypx¥WE
!
³U\]_a.¬kQ¤
hip_jlpm4aMaMzºovy²hlpUm2]_p{pnyiahl]_atkxovjﬂ8pQ
!
=T
!
J²¬oqhi]Bhi]_a]toqwn]_aMyhksylypm4o}khlaMzT©Qks¦qta,E
!
³*ﬁ_psjk
wsov©saMfº©kxjlo}kx¯_¦va"!ya
h+ovfBhi]_a[_jla
©{ovpsty+yhiaMty
u,o­ho}y+p=yiyiov¯_¦qaKhlpjla4rgyia4h+o­hhlp 
 G
<»ovftyhlaMknz
px¥ 

psf_¦v¤Uoq¥ 
 G
<ﬀg 

+	 ﬁuoO³ as³oq¥hl]_a
jlaovykyiÃ6m4ova
f=hf{_`¯Ca
jps¥m
p{z_a
¬psj2z_y+yhloq¦v¦«hip
¯aKksylyovwsftaMz¸³dµ¥«oqho}yf_pshŁhi]ta»m
knyanu_hl]_atksoqj8pQU!T=T!;Jo}yŁovwsf_pnjia~zoqfhl]_afta4¾{hoqhiaMjlkxhiovpsftyps¥
hi]_a»kx¦vwspsjloqhi]_`³I\]_a_jlpm4a~z_jla+m
psf=hiovf{_aMyŁ¬o­hl] hl]_ahljia~khi`[aMfnhŁps¥,hl]_atksoqjŁ¬oqhi]hl]_af_a
¾=h
©kx¦v_a E	!³dµ¥ 
 G
< g 

+
 ﬁuChi]ta
fj"!K6 
 G
<suhi]_aK©kx¦v_a £o}y²ya
hhip sg 
 G
<
[


u¸kxfz
hi]_a©ksjio}kx¯_¦vaIEU!ﬁo}y_@z_kxhiaMz ¥¨pnjhi]_o}yy¤{`»¯pn¦W³
 
))
(
	 4&4*  	 ﬂ&4	  6# # !)&
 
(
	 
dgf¿hl]_o}y6ya~m3hloqpnf"u¬aTksftkx¦v¤{¹
ahi]taUoq`[tknm3h.ps¥+m2]kxf_f_aM¦Ła
jljlpsj2y[psfhi]_aºzovyhipnjhloqpnf¿px¥²hi]_aTyipstjlm
a
ﬁ³\]_a6ov`[tksm4hpsfBhl]_a.yia=_a
fm4a
z
o}yks¦vyipUzo}yim
tyiyiaMz"³ \]_a6kxjihpx¥hi]_aﬂﬃtp¬
z
hi]tkxhovyf_pxh
`»_¦qhiov_¦qa
¾aMzovyyi__CpnyiaMz.hip¯Ca¦vpnyhoq¥«kxfa
jljipnjpmMm4_j2ypsf hi]_am2]kxf_f_aM¦W³
xBa²m
psftyio}za
jk¯_ovftksji¤[y¤{`[`[a4hljio}mm2]kxf_f_aM¦)§}]tªI¬oqhi]k¯_oqha
jljipnjIjlkxhia³«±"a
h 6 d g¯a
hl]_a+_jlps¯tks¯_oq¦voqh¤»hl]tkhk»¯_o­ho}ym4pnjijlaMm4hi¦v¤»jlaMm
a
ov©saMz"³ﬁ\]ta@z{¥#_ px¥[

¯aMoqf_w$ﬀ{f_p¬f"u{oqho}yp=yiyiov¯_¦qa
hlp6m
ks¦vm
_¦vkxhia+hl]_ajia~m4pnftyhljim3hiovpsfksmMm4_j2ksm
¤6ovf hla
jl`ypx¥«aMksfU =tkxjlaIjljipnj§½T{ª3³Coqftm
aaMknm2]
yhlkxhia Em
ks¦vm
_¦}khia~z ¥¨jipn`
z
mMkxf¯a»yaMa
fksyk[_fto­¥¨pnji` jlksftzpn`©kxjlovks¯_¦qanu_ky¤{`»¯pn¦ﬁQU!«px¥uL ]tksy
hl]_aylkx`[a+_jipn¯tkx¯toq¦vo­h¤[hlp¯aaMftm4pza~z.¬oqhi]ksf=¤ m4pza
¬psj2z6ps¥)oqhlyaﬃ=_oq©ks¦qaMftm4am4¦}ksyly)bS!³ﬃa
ftm
asu
/8(LC!kj RJI6
b
!
!
§O 2nª
±a4h+tym
psftyio}za
j+k.yips_j2m4ajiaM_jia~yaMf=hiaMz¯{¤ L¯_oqhlyÀ_¾a~z¦qaMf_wxhl]ºm
p{z_a
¬psj2z_y
³²\]_atjipn¯tkx¯_ov¦vo­h¤
hlpjia~m4aMoq©nahl]_ayi¤{`¯Cps¦R

uo­¥ﬁN

]tkny¯aMa
fhljlksfty`[oqhhlaMz¸u_o}y¥¨tftm3hloqpnfpx¥)hi]_a@ﬃkx`[`[oqftw6zovyhlksftm4a
e

j

¯Ca4h¬a
aMf hl]_ayi¤=`»¯pn¦vy]R

kxfz N

ukxftz ovywnoq©na
f¯{¤


j

6/8HR


N

JK6
ﬃ   

a
r
ﬃ!. 
§Onxª
Ü,Ü å)ACBD6E6E
s  @	
0  	6 6ﬂ 7  /+)
\]ta+º{ oqfztm4a~z¯=¤6hi]_am2]tksf_f_aM¦¸f_pso}ya+o}yhi]_aMfwsov©sa
f¯{¤
º{ R!
$
6
F

p 
b!
F

p
v

.!/j !lvf8/!X=	*!lv}J §O -nª
¬]ta
jla
8 ! = ! vpJK6 ! g ! v
>
³
\]_aKjlaMm4pnftyhijltm3hloqpnfUa
jljipnjps¥Ihi]_a[yips_j2m4a/ a
ftm
pzaMzT¬o­hl]º`»_¦­hloqt¦qa
¾{a~zTm
p{z_aMy²oqfº_jlaMyia
ftm
a
ps¥,m2]tksf_f_a
¦Cf_pnovyia²mMkxf ¯a²aMyhiov`khia~z.yioq`[ov¦vksji¦v¤s³I{ovftm
ahl]_am4pza
¬psj2z_yuLC!ﬁkxjla ﬁ ±)u{ =f"³"§Onxªyhiov¦q¦
ks__¦voqa~y
³¼\]_aT{ px¥hi]ta jlaMm
psftyhijltm3hlaMz   yhijlaMks` oqf·tjia~yaMftm4a px¥Ł¯_oqhKaMjijlpsj2ymMkxf£hl]_a
fÂ¯a
a
¾_jia~yiyiaMz ksy
º{

ﬂ
8
j @H6
F
a
pﬁ  
/8/LC!/j RJ
F
a
p
v
 
v

/8/L!+v/j Tv  LC!kj RJ
t
8/LC!/j V=mL!+v/j Tv}J §Oxnª
¬]ta
jla /8/LC!lvkj Tv  LC!/j BJyhlkxfz_y¥¨psjŁhi]_atjipn¯tkx¯_ov¦vo­h¤hlpjia~m4aMoq©na+hi]_am
p{z_a
¬psj2z LC!lv/j Tvutoq¥ LC!/j ]ksy¯Ca
aMf
hljlksftyi`KoqhhlaMz¸u=kxftz»¬]_aMjiat8/LC!/j V=mLC!lv/j Tv}JﬁzaMf_pxhlaMyﬁhl]_aŁzo}yhlpsjihiovpsfKpx¥Chi]_aﬀ  ypn_j2m4aoqfztm4a~zK¯=¤hi]_a
jlaMm
a
hloqpnfTps¥uLC!lvkj TvovftyhlaMknzUpx¥)LC!kj s³K±"a
h²jlaMyia~m3hloq©na
¦v¤ QW!ksftzjQU!lv¯CaKhi]_a[yi¤=`»¯pn¦vy+za~m4pza~z¥¨jlps`
L!kj  kxftz LC!lvkj Tv³I\]_a
ft;8/LC!/j n=mL!+vkj Tv}JK6f8}QU!X=DQW!lv}J4³\]_o}y¦qa~ksz_yhlp
T{

ﬂ
8
j @H 6
F
"
p
ﬀ
b!
F
"
p
v
ﬀ
8}QW!T=TQU!lv}J
d

!
F
a
pﬁ 

p
F
a
p
v
 
v

v
/8(LC!lvkj Tv

LC!/j RJ=
  ﬀ
ﬀ
?
"
p
vﬂﬁ
"
p
C
§Wbsnª
¬]ta
jla /8pQ
!
v

Q
!
J6ovy6hi]_aT_jipn¯tkx¯toq¦vo­h¤YhipYz_aMm4pzaUhi]_aTyi¤{`¯Cps¦4Q
!
voq¥ Q
!
]tksy6¯aMa
f hljlksfty`[oqhhlaMz¸³
\]ta
jla4¥¨psjlasuxhi]_aŁm2]_pnovm
apx¥Chi]_akxjihioqhiovpsf b ]tknyIk²`kpsj«ov`[tksm4hpsfKhl]_aÀtftks¦tzo}yhlpsjihiovpsf"³>ﬃŁp¬a
©na
j~u
hl]_a+f{_`¯Ca
jpx¥)tkxjihioqhiovpsfyI¥¨pnjkKwnoq©na
f.yia4hpx¥[!¨rO©kx¦v_a~yo}y©saMji¤]_ovws]³>ﬁtpsja4¾_ks`Kt¦qanunhl]_a+f{_`¯Ca
j
ps¥,tksjhlo­hloqpnftyyitm2].hl]tkh *<-6 O,=T">-6  	=D ﬀ 6`M,=T ﬁ 6ednuovyhd2w w&"ww  w_³
ﬃ U&@ 	 /QF¦va4hŁtyŁm
psftyio}za
jkxw=kxovf.hl]_aa4¾_ks`Kt¦qa+px¥ﬁypn_j2m4akx¦v_]tks¯a
hwnoq©na
foqfyiaMm4hiovpsfb_³«±"a
h
 6
 
 
!
w d M "
d w d M
M d w d
" M d w
"$#
#
%
¯CaKhi]_a6m
psjljia~yCpsfzoqftw zo}yhlpsjihiovpsfB`khijloq¾Upx¥a
¦va
`[a
f=hly&8}QW!T=TQU!lv}J4³[\]taKtjipn¯tkx¯_ov¦vo­hloqa~y /8}QU!+v

QU!}J
mMkxf¯Ca»za~ztm
aMz¥¨jlps`  =f"³@bs_³\]_aM¤kxjlazaMylm4jloq¯CaMzU¯=¤ hi]tahij2kxfyoqhiovpsfhij2kxfyoqhiovpsf`khljioq¾(' u
¬]tovm2]ovyŁwsov©sa
f ¯{¤
)+*-,/.0
0
01

ﬀ3254 >/K76ﬀ

4 >
I
6
=
ﬀ
=
4?K76

ﬀ


6ﬀ

4 >/K76
=
ﬀ
=
4

6

ﬀ4862

J
6ﬀ

4

6
=
ﬀ
=
4

6

ﬀ4?K762

I
6
=
ﬀ
=
4
J
6

ﬀ4862


6ﬀ

4 >/K76
=
ﬀ
=
4

6

ﬀ486
2


ﬀ
2
4

6ﬀ

4?K76
=
ﬀ
=
4

6

ﬀ4?K76
2


6ﬀ

4

6
=
ﬀ
=
4

6

ﬀ

6ﬀ

4
J
6
=
ﬀ
=
486

ﬀ

J
6ﬀ

4

6
=
ﬀ
=
4

6

ﬀ4?K76
2
K

6ﬀ

4

6
=
ﬀ
=
4

6

ﬀ
K
Kﬂﬀ
2
4?K76ﬀ

4

6
=
ﬀ
=
4
I
6

ﬀ
K
J
6ﬀ

486
=
ﬀ
=
K
93:
I;I=<?>
:
J;@<
:
K
:
;JA<?>
:
I;I=<
:
J; >
:
;J@<
:
I;I ;
K
B C
C
C
D
ﬁ_pnjŁk/]t ps¥[]0aﬃnkx¦¸hlp6_³(su{hi]tay_`[`khloqpnfpx¥ﬁ =f"³§Wbsnª¦vaMknz_yhip6º{yps¥w,A ﬂ O  OKkxfz
w,A M"Ow[¥¨psj+jlaMyia~m3hiov©saM¦q¤`»_¦­hloqt¦qa
¾{a~zºm
pzaMy²kxftz ﬁ ±)yM³Ł¦v¯Ca
oqh=_oqhiayi_jl_jio}yioqf_wuthl]_o}y+jia~y_¦qh+ovy
Û¨á)Ü"ÛêÞ
  	
 C(
aMf_wsaMftzaMjia~z¯=¤hl]_a¥½knm3h²hi]tkxhhl]_a»tjipn¯tkx¯_ov¦vo­hloqa~yksylyip{m
ovkxhia~zhip yi¤{`¯Cps¦}ypnfU¬]_o}m2]hij2kxfy`[o}yiyioqpnf
aMjijlpsj2yﬁ¬ov¦q¦Coqfztm4aŁhi]_a¦vksjiwnaMyhzovyhipnjhloqpnf©kx¦v_aMy§¨ksftznªkxjla¦qp¬a
j«¥¨pnjIhl]_a`»_¦­hloqt¦qa
¾{a~zm4pza~y
³
\]ta²jlaMyiCaMm3hloq©na+a
jljipnjjlaMyiov¦qova
ftm
a+px¥ ﬁ ±ﬁyŁkxftz `t¦­hloq_¦va4¾a~zm
pzaMy]ta
ftm
a+z_a
Ca
ftz_yŁpsfhi]_ayhlkxhio}yr
hlovmMkx¦"m2]tksjlknm3hla
jlovyhio}m
ypx¥)hi]_ayips_j2m4aﬁ³knya~y¬]ta
jlahl]_am2]tksf_f_a
¦¸ovftzm4aMzzo}yhipsjihiovpsf ovyŁ]_oqwn]_a
j
¬oqhi]`»_¦qhiov_¦qa
¾aMzm4pza~yhi]kxf¬oqhi] ﬁ ±)y`kQ¤ a4¾ovyhkny¬aM¦q¦O³4ﬃp¬aM©saMjMu_j2ksm4hio}m
ks¦ypn_j2m4aMywna
fr
aMjlkxhia~z.¯{¤.m
ps`[_jlaMylyovpsfy¤yhia
`yMu_m
ksf ps¥êhia
f¯Ca+`KpzaM¦qa~zksyyips_j2m4a~y¬oqhi]wna
f_aMjlks¦qov¹
a~z 3+kxyiyiovksf
@z{¥³,ﬁ_pnjhl]_aMyiaypn_j2m4aMyMu@]_ovws]_aMj+z_ovyhipnjhloqpnfT©kx¦v_aMyksjia»oqfztm4a~zT¯{¤U¦vp¬a
j²_jipn¯tkx¯toq¦vo­h¤Uyi¤{`¯Cps¦}y
u
jlaMyi_¦qhiovf_w[oqf¯Ca4hihia
jCa
ji¥¨psjl`kxftm
aMy¥¨pnjhi]_a`»_¦­hloqt¦qa
¾{a~z m
pzaMyM³
  
&4,ﬃ,&4'
1
	ﬁ	# !,ﬁ ( &4
\]tam2]_pso}m4apx¥«hi]tatksjlks`Ka
hiaMjly&Lksftz ]ksyk6`[kxpsjoq`[tknm3hpnfhi]_a»aMj¥¨pnji`ksftm4anutovfhiaMji`yŁps¥
m
ps`[_jlaMylyovpsfKkxftz»a
jljlpsjﬁjia~yov¦voqaMftm4anuxpx¥Chi]_aŁm
pzaMyM³)±a4hKe[¯Cahi]_aaMf=hijlps{¤Ca
jIyi¤=`»¯pn¦px¥Chi]_aŁyipstjlm
a
ksftz Je.hi]ta`[aMksf m
p{z_a
¬psj2z[¦qaMf_wxhl]._jlpztm4a~z¯{¤[hi]_a+kx¦vwspnjioqhi]t`³ﬁ\]_a²p©saMji]_a~ksz[j2khlao}ywnoq©na
f6¯{¤
U ﬃ 6
ﬃ r ﬃ
ﬃ
³6y L»¯_oqhlyksjiaks¦q¬kQ¤ytyiaMzºhlpjla
tjia~yaMfnhkyi¤=`»¯pn¦«px¥hi]_ayips_j2m4a  uhi]_aj2khlaKps¥
]toqwn] _jlovpsjlo­h¤6z_kxhlkKovf hl]_a+Àtftks¦"`t¦­hloq_¦va4¾a~z L3rO¯_oqhlym
pza
¬psj2z_yyhljia~kx`o}ywsov©saMf ¯{¤6
ﬃ
a
³
xBa[]tkQ©sayia
aMfºks¯p©nahi]tkxh L`yh+¯aK]_ovws]ºa
f_pn_ws]Tyip6hl]tkh+psftaKmMkxfUÀftzTk.tkxjihioqhiovpsf"u@hl]tkh
¬ov¦v¦m4¦vpnyia
¦v¤.kxt_jipQ¾ov`khiahi]taCz¥ﬁps¥,hl]_ayips_j2m4a

³].fhi]tapxhi]ta
jŁ]tksftz¸utkK]_ovws]©kx¦v_a+¥¨pnjhi]_a
kxj2kx`[a4hla
jRL²¬oq¦v¦¸jia~yt¦­hŁovfkKz_aMm4jlaMknya~z6j2khla²ps¥ﬁyi¤{ftm2]_jlpsf_pntyz_kh2k_³I\]{tykm4pn`[_jipn`[ovyia]ksyhip
¯CaŁ¥¨pn_ftz[¯Ca4h¬a
aMf6jia~ksm2]_ovf_w+hl]_aaMfnhljipn{¤ §½m
ps`[_jlaMylyovpsf[a
Ãm
oqaMftm4¤_ªkxftzKhl]_aj2khlaŁpx¥"yi¤=fm2]_jipnf_psy
ztkhlkoqfhl]_a²`_¦qhiov_¦va4¾aMz*ﬃp¬´§½a
jljipnjIjlaMyioq¦voqaMftm4aQª3³«\]_a²kx¯_ov¦qoqh¤»hip»m
¦qp=yaM¦q¤[kxt_jipQ¾ov`khiahl]_a@z{¥ps¥
hl]_ayipstjlm
aI0§¨]_aMftm4ahi]_am4¦vpnyia
f_a~yiy¸hipaMf=hijlps{¤_ª@za
Ca
ftzty,ks¦vyipŁpsf+hl]_akxj2kx`[a4hla
j¸³ ﬁ)oqw³~by]_p¬Ły
hl]_aŁovf	ﬃt_aMftm4apx¥@hi]_atkxj2kx`[a4hla
j2y Lkxftz KpnfKhi]_ajlkxhia*Uﬃt³ ﬁ_pnjkyips_j2m4apx¥"mMkxj2zoqfkx¦.M 6`_ﬃ O_ushi]_a
©ks¦q_a



6  ¦vaMksztyIhlpKk»y`kx¦v¦@p©saMji]_a~kszK¬]_aMf6hi]ta+m
pza
¬psj2z[¦qaMf_wxhl].o}yiL-6edM³[\pxhlovm
aŁhi]khhi]_a
f{_`»¯aMjps¥kQ©kxov¦vks¯_¦qaŁhij2kxfty¥¨psjl`khiovpsfykxfz[hi]_a²f{_`¯Ca
jpx¥ﬁﬃtp¬ŁyIps¥


rO©ks¦q_a~z©kxjlovks¯_¦vaMyIovftm
jia~ksyia
¬oqhi] @³I\]ta
jla4¥¨psjlasu=hl]_am4pn`Kthlkxhiovpsftks¦"m4pnyhpx¥)hi]_aks¦qwnpsjlo­hl]_`ovftm4jlaMknya~y¬oqhi] @³
 
&M# ﬃ 
	+!,&4 ﬁﬃ2!,
\,pUaM©Qks¦qkhia.hi]_a aMj¥¨pnji`ksftm4a6ps¥hi]_a`t¦­hloq_¦va4¾a~z·m4pza~y
u«a
¾{Ca
jlov`KaMf=hly]kQ©sa6¯Ca
aMfYCa
ji¥¨psjl`Ka~z
¯{¤m4psfyo}za
jlovf_w6k[]_ovws]_jloqpnjioqh¤.yips_j2m4a¬oqhi]Uk 3+kxtylyo}kxfzo}yhijloq¯__hiovpsfUm2]tksjlknm3hiaMjiov¹
a~z6¯{¤k[¹
a
jlpxr
`[a~kxf¿kxftzk¼yh2kxftz_ksjlzÂza
©{o}khloqpnf  a6 _  _ukxfz·h2k ﬀ{oqftwBoqhly[©ks¦q_a~y[¯a
h¬aMa
f ghd2_%Uksftz
[
dE_&%³
\]taKyips_j2m4aK]tkny¯Ca
aMf =tksfnhloq¹MaMzº¬o­hl]Bkylm
kx¦}kxj =tkxf=hiov¹
aMj+px¥yhiaMByioq¹Ma dn³\]_a[a
f=hljipn=¤ps¥hi]tovy
yipstjlm
aovy4e6 O,A %&% ds³ xBa]tkQ©sam
psftyio}za
jlaMzkyia=_a
fm4ay

px¥	_wwyi¤=`»¯pn¦vyM³ xºaKksyly_`[a+hl]tkhk
¦vp¬a
j_jiovpsjloqh¤[yia=_aMftm4a²px¥ﬁy¤{`»¯pn¦vy^y

]tksy¯Ca
aMf _jla4rµa
fm4pzaMz.oqf=hlp[k»¯_oqhlyhijlaMks`
z
¬o­hl]kK°±ﬁ
m
pza
j~³dgf£hi]ta a
¾{Ca
jlov`KaMf=hlyjla
Cpsjihia~z¼]_a
jlahl]_a yia=_aMftm4a6ps¥Ł¯_oqhly
z
]tkny¯Ca
aMf·wsaMf_a
j2khlaMz¼¯{¤Bk
tf_o­¥¨pnji` j2kxftzpn`9¯_ovftksji¤K©kxjlovks¯_¦qan³,dµh2yI¦va
f_wshi]]tknyI¯Ca
aMfÀ_¾aMzKhlp _www_³)Ł¦v¦thl]_ayiov`_¦}khloqpnfty«]tkQ©na
¯Ca
aMfUCa
ji¥¨psjl`Ka~zUksylyi_`[oqf_wk¯_ovftkxjl¤y¤{`[`[a4hljio}mm2]tksf_f_aM¦,¬oqhi]U©ksji¤{ovf_w6¯_oqh²aMjijlpsjjlkxhia~y§p]ª3³
\]ta6jia~yt¦­h2ykxjlakQ©sa
j2kxwnaMzTp©sa
j+(~sm2]tksf_f_aM¦Ijia~kx¦voq¹~khloqpnfty
³{ov`_¦}khloqpnfty]tkQ©naK¯Ca
aMf·Ca
ji¥¨psjl`Ka~z
m
psftyio}za
jloqftwjlaMyiCaMm3hloq©na
¦v¤ ﬁ ±)y§  ¯_oqhly2ª3u)ﬃŁ_®C`kxf»m4pzaMykxftz²¦va4¾ovm
pswnjlks_]_o}m
kx¦Q`»_¦­hloqt¦qa
¾{a~zm4pza~y
³
ﬁtpsjﬁhl]_aŁ`t¦­hloq_¦va4¾a~zm4pzaMyMuhl]_aŁtksjlks`Ka
hiaMjlyLkxfz



]kQ©sa¯aMa
f6yia4h«hlp L-6 dMksftz



6 _³)\]_a
Ü,Ü å)ACBD6E6E
n  @	
0  	6 6ﬂ 7  /+)
`z¦,px¥ﬁhi]ta»yia=_a
fm4a  o}y OSA % %  ³7ﬁ)oqw³t.yi]_p¬Łyhl]_a	\9m
_ji©naMypn¯hlksoqftaMz ¥¨psjhi]_aKyaﬃnta
ftm
a
  ¬oqhi]Bhi]_aKhl]_jiaMa6m4pza~y²¥¨psj©kxjl¤{oqf_wm2]tksf_f_a
¦ ]³\]_o}y²Àtws_jla[jiaM©sa~kx¦}yyioqwnf_oqÀm
ksfnhl¦q¤T]_oqwn]_a
j
Ca
ji¥¨psjl`kxftm
a.¥¨pnj[hi]_a`»_¦­hloqt¦qa
¾{a~z¿m4pzaMyMuaM©saMfÂ¬oqhi]jia~yCaMm4h[hip8ﬁ ±)yM³¿\]ta`ksoqfjia~ksyipsfÂovy
hl]tkhhi]_a ﬃkx`[`[oqftwTzo}yh2kxftm
a6¯a
h¬aMa
f·yi¤{`¯Cps¦}ypx¥&'gps_Cpnyio­hla6'©kx¦v_aMyo}y]toqwn]_a
jovf£hl]_a.m
knyaps¥
`»_¦qhiov_¦qa
¾aMzm4pzaMyM¶6hl]_aﬃks`K`[ovf_w¼zovyhlksftm4ao}y d"MT¥¨pnjy¤{`¯Cps¦}yghd2_%kxftz [ d2_%{u«¬]_aMjia~ksyKo­h
o}ypnf_¦q¤  oqfBhi]ta.m
knya[px¥ ﬁ ±)yM³6dµh]tkny+¯aMa
f£pn¯tyaMji©naMzUhi]tkxhhi]_a.kQ©na
j2kxwnaCpnyio­hloqpnfBps¥hl]_a[Àtj2yh
ov`[tkxovjlaMz¯_oqh+oqfhl]_a,ﬃŁ®@`kxfT¯to­hyhljia~kx` o}yjlps_wn]_¦v¤.hl]_aKylkx`[an³\]_aKjia~ksyipsfo}yhl]tkhhi]_aK`[aMksf
Cpnyioqhiovpsf·ps¥hi]_a.ÀtjlyhKz_ovyhi_jl¯CaMz·¯to­h[ovyKyhlkhlovyhio}m
ks¦q¦v¤B¦qpm
ks¦qov¹
a~z£psf·hi]_a tkxjih»ps¥hi]_a¦qp¬ _jlovpsjlo­h¤
¯to­h2yhljia~kx`¬]_o}m2]ovyftpxh`_¦qhiov_¦va4¾aMz"³
\]_a+`»_¦­hloqt¦qa
¾{a~z.m
p{z_aMy]tkQ©sahi]ta
f¯aMa
f.a
¾aMjiov`[a
f=hia~z.¬oqhi] jia~kx¦¸ypn_j2m4aMyM³#xºa+]tkQ©nam4pnftyiovz{r
aMjia~zTkyioq`[_¦va[oq`kxwnaKm
pzoqftwyi¤yhla
` ¬]_aMjia»hi]taoq`kxwna»o}y²Àtj2yhza~m4ps`[CpnyiaMzºoqf=hlpVdO yi_¯_¯tksftz_y
yovf_wk²h¬psrµyhlkswsa¬kQ©na
¦va4h)hij2kxfty¥¨psjl`³,\]_a¦vp¬ÂksftzK]_ovws]K¥¨jiaﬃ=_a
ftm
¤yi_¯_¯tksftz_y«]tkQ©na¯Ca
aMf=tkxfr
hloq¹MaMzKjlaMyia~m3hiov©saM¦q¤psf-%²kxftz M¯_oqhlyM³ﬁ\]_aŁ]_ovws]K¥¨jla=_a
fm4ovaMyﬁ]tkQ©na¯Ca
aMfa
ftm
pzaMzK¬oqhi]kxf+ﬃŁ_®C`kxf
ks¦qwnpsjlo­hl]_`unksftz[hi]ta
f.`»_¦qhiov_¦qa
¾aMzovf=hiphl]_a²¦qp¬¥¨jla=_a
fm4ovaMyIyovf_w`»_¦qhiov_¦qa
¾aMz.m
pzaMypx¥"tksjlks`»r
a
hiaMjly&L 6 dOKksftz



6  ³ y¤{ftm2]tjipnf_oq¹~khloqpnf.`kxj<ﬀsaMj]tksy¯Ca
aMftya~za
©na
jl¤¥¨ps_j¦vovf_aMyŁ¥¨psjŁ¯Cpxhl]
ﬃ®@`[ksfºm
p{z_aMy²kxftzhl]_aK¦qp¬´_jloqpnjioqh¤tkxjihps¥«hi]_aK`_¦qhiov_¦va4¾aMzºm4pza~y
³+\]_a¯to­h+jlkxhia~yŁps¯_hlkxovf_a~z
¬oqhi] ﬃŁ_®C`kxf¼kxfzT`»_¦­hloqt¦qa
¾{a~zºm
pzaMy+kxjla nto­hla[yiov`Kov¦}kxjkxftzTwsov©saMfTjlaMyia~m3hiov©saM¦q¤¯{¤ dnA %!d ﬂ6¯to­h
Ca
j»_oq¾{aM¦²§  	0	¸ªKkxfz dVA % d2_  		@³ x ]ta
fYm
psftyiovz_a
jloqf_w ﬁ ±ﬁy
uﬁhl]_a kQ©na
j2kxwsaK¯_oqhKj2khla6ps¯_hlkxovf_a~z¼ovy
O,A d  %  	0	C³ ﬁ)oqw³49Bza
tovm4hlyKhi]ta	\ ksftzY©{o}ykx¦ =tkx¦voqhiovaMy[ps¯_hlkxovf_a~zY¬oqhi]hi]ta hl]_jla
am4pza~y
³
\]tovyIÀtws_jlaŁaM©=o}zaMftm4a~yyioqwnf_o­ÀCm
kxf=hov`[_jlp©sa
`[aMfnh2yﬁ¯pshi]6ovf6S\ ksftz[©{ovyitks¦ =tkx¦voqh¤»¬]_aMftyioqf_w
`»_¦qhiov_¦qa
¾aMz£m4pza~ya
©na
f£ovf·m4pn`KkxjlovyipsfB¬o­hl] ﬁ ±)yksftzB¥¨psj»kyov`[oq¦}kxjm
ps`[_jlaMylyovpsfB¥½knm3hipnjksy
hl]_apsfta²pn¯hlksoqftaMz ¬o­hl]!ﬃ®@`[ksfm4pzaMyM³

794ﬃ&

xBa6]tkQ©na[oqf=hijlpztm
aMz£kf_aM¬9¥½ks`Kov¦v¤ºps¥m
pzaMymMkx¦v¦qa~z%`»_¦­hloqt¦qa
¾{a~z£m4pza~y '3³ \]_a~ya6m
pzaMykQ©npso}z
hl]_a*%z_a4rgy¤{ftm2]_jlpsftoq¹~khiovpsf'[_]ta
f_pn`KaMf_psfÂ¥¨psjKhl]_a]_oqwn]Y_jlovpsjlo­h¤£yips_j2m4anuI¬]_ov¦qayhiov¦q¦Łks¦q¦vp¬oqftwUhip
jlaMknm2]ksyi¤=`[hlpxhlovmMkx¦v¦q¤ hi]_a»a
f=hijlps{¤ ¯pn_ftz¥¨pnj¯Cpxhl]Y§¨¦vp¬kxftz]toqwn]_jiovpsjloqh¤ªŁypn_jlm
aMyM³Ł\]_a¦vp¬
tjiovpsjlo­h¤yips_j2m4a[m
ksfT¯Ca[_jia
rOaMftm4pza~zU¬oqhi]¼kxf{¤a4Ã6m
oqaMfnh°²±)³" ﬁ ±)0o}ym4jlaMkxhiaMzU¥¨psj²hi]taK]toqwn]
tjiovpsjlo­h¤yips_j2m4anuCoqhly²ovf_]_aMjiaMfnh²jia~z_ftztkxftm
¤¯Ca
ovf_wa4¾_¦vpsoqhia~zhipjla
_jlaMyia
f=hovf¥¨psjl`khloqpnf¥¨jipn` hi]_a
¦vp¬ _jloqpnjioqh¤ÂyhijlaMks`³ \]_a
pnji¤kxftz yiov`_¦}khloqpnftypsf ¯pshi] hl]_a
pnjia
hio}m
kx¦²kxftz¿jlaMks¦yips_j2m4a~y]tkQ©na
aM©{ovzaMftm4aT©sa
jl¤Y]toqwn] a
jljipnjjia~yov¦voqaMftm4aTkxh kx¦v`[pnyh.f_pm4pnyh.ovf¿hiaMji`y px¥m4pn`Ktjia~yiyioqpnf¿a4Ã6m4ova
ftm
¤s³
f_pxhl]_a
j,ﬀna
¤·ksz_©Qksf=hlkxwna.o}y»hi]tkxhKhl]_a
¤·ks¦q¦vp¬hlpº`k ﬀna yapx¥+yov`[_¦qaovftyh2kxf=hlksf_a
pntyKzaMm
p{z_oqf_w
hlaMm2]_fto =_a~y
³ \]ta
¤Y]ta
ftm
aUkx_CaMksj[hip£¯Caa4¾_m4aM¦q¦va
f=h.kx¦qhiaMjifkhiov©sa~yKhip£jla
©na
j2yov¯_¦va ©kxjlo}kx¯_¦va¦qaMf_wxhl]
m
pzaMy§¨¬]_o}m2]6y_®CaMjI¥¨jlps` ypn`KaaMftkx¦qh¤»ovf[hiaMji`ypx¥m4pn`[_jia~yiyiovpsfKa4Ã6m4ova
ftm
¤su=¬]_ov¦qaf_pxhkQ©npso}zovf_w
m
ps`[_¦va4hla
¦v¤·a
jljipnj[_jipntkxw=khloqpnfÂza~y_oqhiaUk¼za~m4pzovf_w£ovfÂh¬p¼tksylyiaMy2ªpnj[hip£m4¦}ksylyiovmMkx¦°±ﬁyK¥¨psj
¬]tovm2]·jlps¯ttyhza~m4pzovf_wT`k ﬀna.ps¥êhia
fÂtyia ps¥m4pn`Kthlkxhiovpsftks¦q¦v¤ºa
¾aMftyov©sa ]kQ¤sa~yo}kxf¼aMyhiov`khloqpnf
hlaMm2]_fto =_a~y
³
Û¨á)Ü"ÛêÞ
  	
 sb
 
ﬁ 
 /( "\]taws`[ ¦vov¯_jlksji¤n³K	5F  H/ # H(@	
@ 	C³
 )"ftkhlps¦v¤³ "kxj2kh2y_¯kkxftz
	»³ .¥¨`[ksf"³{_¦qhiov_¦qo}m
kxhiovpsf»px¥t`»_¦­hlovz_oqwno­hﬁf{_`¯Ca
j2ypnfkx_hips`kxhlk_³

1    ﬂ.6p(6$ +& ﬂu=kxf{tksji¤(~2sbt³uﬂ 	0F F((H ﬂ<	0H     ﬀW&D&)ﬂ  %& H ; ­³
 b "³B]kx_aMjkxfzﬁt³ ﬃkxwna
ftks_a
j~³\_jl¯Cp¥¨aMmﬃﬂ©{¦vmIz_aMm4pzovf_wŁksftz+o­h2y"kxt_¦qo}m
kxhiovpsf+hlphia4¾{h,m
ps`[_jlaMylyo
pnf"³«dgf   R(QH&@Q H@  H"!FC ﬂ &


ﬂ.6 CKutkxwnaMy xT 2_³ 2$#Wxº 2_³((nuUkxj2m2]ssst³
 " 3K³]_aM_f_wBkxftz·³%¸k ﬀ{]_psj~³&npsovf=h»ypn_j2m4a4rgm2]tksf_f_a
¦m4pzovf_wTps¥yimMkx¦}kx¯_¦va6©{ovz_a
pUp©na
jftpso}y¤
m2]kxf_f_aM¦vyM³   R(QH $C  H4 @Q H@ C*&B
0   R(66W
@')(% u_tkswsaMy 2=ﬃ#_sx_u (Ms02_³
 9)"\³)aM`Kovj[kxftz "[³«kQ¤sp{pz¸³*npsovf=h»ypn_j2m4a4rgm2]tksf_f_a
¦m4pzovf_wU¥¨pnj©kxjlovks¯_¦va6¦qaMf_wxhl]Ym4pza~y
³Tdgf
 ^B(H(ﬃﬃﬃ+&) &! 	)<661  H+'*7ﬁu_tkswsa~y(Mbs#
(M0-_u=Ukxj2m2] (~s0-_³
 2 "³ 3²_¤=kszaMjMu"³:ﬁtks¯_jianu)³ 3²_ov¦v¦qaM`KpshMu)kxftzB£³pn¯aMjh~³,spnoqf=hypn_j2m4a4rgm2]tksf_f_a
¦,hitji¯Cpza4r
m
pzoqftw6px¥«a
f=hljipn=¤m4pza~zypn_jlm
aMyM³"	ﬃﬃﬃ )	F&) @

D(  <.-ﬀ%&.  $	 p(%&)1,
	 %(p&    @cC	   	)6)(  	
 F %  <@ ﬂ,  	FT&V( ﬂp(
u (M§½nª4¶/(2-n$#
(2s02_ux{a
_hia
`Kr
¯Ca
j²xs (s³
 ×."ﬁ³ )³_Łps¯_ovftyipsf/³×³Ukx¾{hiaMz"³"IjljipnjjlaMm
p©sa
jl¤¥¨pnj©ksjio}kx¯_¦vaMy¦va
f_wshi] m
pzaMyM³0	ﬃ ﬃﬃ1!	D&C(H>
CQ H!F <@ ﬂutd\rgbC(=§12nª4¶×xx2#-s (suV\p©saM`¯Ca
j(M0-09³
 - " x³ £³±ks`kxftz³ ³aMoq¯t`[ksf"³=a
¦q¥êrµyi¤{ftm2]_jlpsf_ov¹
ovf_w©kxjlovks¯_¦va4rµ¦qaMf_wxhl]m4pzaMy"¥¨psj)oq`kswsa«hljlksftyr
`[o}yiyiovpsf"³dgf   <B(H3ﬃﬃﬃ4 ﬂ H  @Q H4&- (%()6p(

	C%(% &@


 
V)& 0 ^B(U
)3-
65

 .7  Dnut©nps¦v_`[a+btu_tkswsaMys#{0-n_u=a
hla
`¯Ca
j@(Ms=³
  "³ ﬃ³¸_j2kszkxfzU\+³ ³
ﬁtk_³8spnoqf=hyips_j2m4a
rµm2]kxf_f_aM¦"zaMm
pzoqftw.px¥I©ksjio}kx¯_¦va¦va
f_wshi]UaMftm4pza~z
yipstjlm
aMyM³)dgf   R(H( H"!)  ﬂ:9,;)X <	)<!9u_tkswsaMys#{ 9uﬀn_f_a,(Mn-_³
 (M "+·³=³_¥kxftz>³Kx³pzaMyhiovf_p³ Łkhla4rgzovyhipnjhloqpnf¿aMj¥¨pnji`kxfm4a¥¨psjpsovf=h ypn_j2m4aUkxfz
m2]kxf_f_aM¦)m
pzoqftw6px¥Iov`kxwsa~y
³   R(QH&$8  H  @Q H&*/&
    <B(<6U
xu"¶ sﬃ#-n_ui.²m4hips¯Ca
j
(~s 9³
 (( "	K³,\)k ﬀ{o}y]_ov`k_u)£³ﬁx¼ksz_ktu,ksftz ﬃ³,U_jlkﬀkx`[oW³ a
©na
j2yov¯_¦va©Qksjio}kx¯t¦qa[¦va
f_wshi]£m4pza~y
³?	ﬃﬃﬃ
!ST&@C(H=@^  	 p(D& ﬂ1@C3ut=bt§OﬂbAﬂQ{ª3¶(9 -#
(2n{u ﬁta
¯_jltkxjl¤(Mn09_³
 (~)" \³_\,ksftkx¯Ca+kxftzf\³ﬁtksji©kxj2zovf"³,{t¯_¯tkxfz.ov`kxwsa²m4pzovf_wKtyovf_wKa
f=hijlps{¤=rgm4pzaMzﬁ=tksf=hiov¹Mkhloqpnf
p©na
j)f_pso}yi¤m2]tkxf_fta
¦}y
³B	ﬃ ﬃﬃC!	D&C(H @

 /%( -ﬀ%&.7 $	 p(%&)1 2u (Mt§9sª4¶ = 2$#x{u
n_f_a+(~s=³
 (Mb "D³ ﬃ³nkx¯_ovf_p¬oqhi¹\+³ t³0ﬁ_a
jlwsypnf"³@a
¦q¥êrµyi¤{ftm2]_jlpsf_ov¹
ovf_w+]{®C`ksf6m4pzaMyM³E	ﬃﬃﬃF!ST&  H , H
!F <@ ﬂud\rgbs§¨{ª3¶ 2-=ﬃ#2nsb_us_¦v¤ (~-x³
 (
"D³FxºaMfºksftz&³E)³@°ov¦v¦vknyaMf_psj~³²Ła
©saMjlyiov¯_¦qa»©kxjlovks¯_¦qa»¦qaMf_wxhl]Tm4pza~y¥¨psj²a4Ã6m4ova
f=hkxftzTjipn¯_tyh
ov`kxwnaksftzK©{ovzaMpm4pzovf_wt³_dgf#  <B(HB	ﬃ ﬃﬃ:&) &*@ 	F661  H+E 7)untkxwnaMy){(#{0-stu
_jloq¦(~s0-_³
Ü,Ü å)ACBD6E6E
x  @	
0  	6 6ﬂ 7  /+)
( \Z\h^ XZW  (  T U]\ \ZU \h^ U S
±a4h T V g OEw	Z=³\]_a[_jlps¯_¦va
` m
psftyiovyhly²ovfTÀftzovf_wk kxjihioqhiovpsf bYhi]tkxh+©na
jlo­ÀaMyhi]_a[_jlpsCa
jih¤s³
±a4h&L ﬃ[¯Ca+hi]taoqf=hiaMwsaMjŁza4ÀtftaMzksyiL ﬃ6 g m}oRqV> 8	
 !ﬀ 8pb ! JTJn³I]¤ za4Àtfto­hloqpnf"u
_ c,VsL/=-b!gN_
r
a
§WbC(~ª
ﬁtpsj»ks¦q¦iL V XÁyitm2] hi]tkxh Lfg L ﬃ_uﬁ¬a m2]_p{p=yaﬂ ! 6 4b ! _a	6n³ ﬁtjipn` i
!  
b ! 6 d6¬a.wsa4h
i
!  
4b ! _a	6 +N_a)i
!  
b ! 6 _a4³ﬁpnjiaMp©sa
j~u
_ c%=u ! g ds³ﬁ\]_aMjia
¥¨psjlahl]_o}ym2]_pnovm
apx¥u8p ! J < )! )Y
o}y©kx¦vovz"³ ]¤ m4psfyhljitm4hiovpsf"u	b ! _a[g d +  ! +`b ! _a
u_]_aMftm4anu
d + b!
_a
 !
+ d [
d
b ! _
a
g d
§Wbnsª
\]_az_o­®@a
jla
ftm
a ﬃ[¯Ca4h¬a
aMf.hl]_a`z¦kxfz.hl]_aa
f=hljipn=¤o}ywsov©saMf ¯{¤
 ﬃ6 Je*g e6ag
F
! 
b ! mpoRqV> 8
 !
_
a
J [
F
!  
b ! m}oRqV> 8cb ! JK6
F
!  
b ! m}oRqV> 8
b ! _a
!
J §Wbsbnª
hl]_a
jla4¥¨pnjianu=¥¨jipn`ﬀ =f£§½b=sª3uoqhm
ksf ¯Cayia
a
faMknyov¦v¤hi]tkxh ﬃ[©na
jlo­ÀaMy

ﬃ
+
i
!  
b!
mpoRq
>V81d
[
<
%
p
>r<
J


ﬃ
+
i
!   %
p
%
p
>r<
6
i
!  
<
>

r


p
A
§Wbx=ª
ﬁtjipn` =f"³Ł§WbC(~ªksftz¼§½bx{ª¬a+wsa
h

ﬃ
+
F
!  
d
_
a
g _
a

6
M
_
a
g _
a

§Wb09sª
\]{tyMu_tyioqftwL 6
mpoRqV>
8
Y

[
_
a
Jksftz
_
c%= 
!
6 4cb
!
_
a
6nu_hi]_aovf_a=tks¦qoqh¤ﬃ,+
T
ovy©na
jlo­Àta~z¸³
\pxhio}m4ahi]tkxhMu_¥¨pnjksf=¤ m4pza¥¨pnjŁ¬]_o}m2]hi]_aovf_aﬃnkx¦vo­h¤ Lhg`L
ﬃ
o}yhlji_anu_hl]_ovy_jlp=ps¥)tjip©{o}zaMyksf
t_aMj¯pn_ftz ¥¨psjhl]_a`z¦O³
Û¨á)Ü"ÛêÞ
  	
 09
8 9 10 11 12 13 14 15 16 17
10−5
10−4
10−3
10−2
10−1
100
c
r h
f
ν
=2
f
ν
=3
f
ν
=5
f
ν
=7
f
ν
=11
ﬁ,ovwstjiab_¶¦vpnyia
f_a~yiyhlp[a
f=hijlps{¤px¥)¥½ksyhrgm4pn`[_hlks¯_¦va+U_¦­hloqt¦qa
¾{a~zm4pzaMy§3+kxtylyiovksfyips_j2m4aQª3³
Ü,Ü å)ACBD6E6E
2  @	
0  	6 6ﬂ 7  /+)
10−4 10−3 10−2
10
15
20
25
30
35
40
45
50
55
60
Error bit rate
PS
NR
 (d
B)
Fixed length codes
Huffman codes
Multiplexed codes
ﬁ)ovws_jla+t¶«	\0px¥)hi]_ayips_j2m4a 

§ﬂ3+kxyiyiovksfz_ovyhijloq¯thiovpsfª
Û¨á)Ü"ÛêÞ
  	
 =
ﬁ)oq¾{a~z¦qaMf_wxhl]m
pzaMy ﬃŁ®@`kxfm4pza~y _¦qhiov_¦va4¾aMzm
p{z_aMy
	\ 99_³ 9s»zS]²u.|  6 O,A d  % 	\  ³× -»z,]u,|  f6 dnA %!d ﬂ 	\ bn_³ (+zS]²u,|  6 dVA % d2_
	\  (#2t³×x»zS] 	\  (9_³ 9s»z,] 	\ 9xt³ -nz,]
	\  (Mbt³ n»zS] 	\  (~_³ 2sKz,] 	\  (~_³ 2sbz,]
ﬁ)ovws_jla 9¶ﬁ	\ Ca
ji¥¨psjl`kxftm
a²ksftz6©{o}ytks¦nkx¦vo­h¤pn¯hlksoqf_a~z.jlaMyiCaMm3hloq©na
¦v¤[¬o­hl]!ﬁ ±ﬁy
uﬃŁ_®C`kxf
m
pzaMy»kxftz£`»_¦qhiov_¦qa
¾aMz·m
p{z_aMyM³T\]_a m2]kxf_f_aM¦¯_oqh[a
jljipnjjlkxhia~ykxjla._³ sn09¼§¨hipsYoq`kxwnaMy2ª3u«_³ s 9
§½`[ovz_z_¦qaov`kxwsa~ylªksftz t³  9§¨¯Cpxhhlps` oq`kxwnaMy2ª3³
Ü,Ü å)ACBD6E6E
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
